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Novelty: Marker positions are selected, referenced with respect to the anatomy of 
the patient and a scannable marker is fixed to the patient at each point. The patient 
is then placed in a relaxed and normal standing posture and the markers are scanned 
to obtain position data for each of the marker positions. The data are used to calculate 
postural deviation values. 

Detailed Description: INDEPENDENT CLAIMS are included for the following: " 

(1) a method of acquiring biomechanical postural data; 

(2) a method and apparatus for calculating postural deviation; 

(3) an apparatus for providing postural health care. 

Use: Automated biomechanical analysis for detection and correction of postural 
deviations. 

Description of Drawing(s): The drawing shows anatomical marker locations in an 
anterior view. 
(66pp Dwg.No.1/16) 
N2002-3 28602 
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SYSTEM AND METHOD FOR AUTOMATED BIOMECHANICAL ANALYSIS 
AND THE DETECTION AND CORRECTION OF POSTURAL DEVIATIONS 

The present invention relates to a system and method for the 

biomechanically accurate measurement of posture and for providing a patient with a 

5 . suitable corrective exercise program. More particularly, the present invention relates to 

a system and method to automatically analyse the location of anatomical markers 

placed over skeletal landmarks to obtain biomechanics parameters; a system and 

method that uses these biomechanical data to automatically detect and/or quantify 

postural deviations from correct anatomical alignment; a system and method to 

10 automatically generate corrective exercise routines. The present invention also relates 
to the use of the Internet to provide a distributed system for patient care involving 
image acquisition in a clinical environment, data analysis at a central server and 
co mm unication between the central server and the health-care professional as well as 
potential follow-up and feedback between the patient and either the health-care 

15 professional <?r the central server or both. 

BACKGROUND OF THE INVENTION - 

Description of Prior Art 

A tree trunk grows straight up and tree branches are symmetrical around this 
solid core to provide a ^posture" to withstand the effects of wind and gravity. We too 

20 have an optimal posture that allows us to function most efficiently. As builders and 
architects use plum lines to arrange the walls and supporting structures of a home, we 
use plurfcib lines to define this ideal postural alignment. In correct posture, a plumb line 
dropped from you ear will go through your shoulder, the middle of your pelvis, the 
middle of your knee, and the front of your anklebone. Your head, trunk, pelvis and 

25 knees are "stacked" one on top of the other. Deviations from this positioning can have 
negative consequences to your health and well being, and correcting postural alignment 
can make a person look and feel better. Ideal or optimal posture minimizes energy 
expenditure and muscle work necessary to maintain deviant posture in the face of 
gravitational forces. As patients become more and more proactive in their choice or 

30 health care, they will certainly demand amelioration of their disordered posture. For 
example, lower back paintias often been attributed to abnormal postural relationships 
between body segments, and is frequently a cause of patient complaints to family care 
physicians. 
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Typically, practitioners are content with a basic appreciation of a client's 
posture. Systematic biomechanical analyses are rarely. performed because they are time 
intensive and require specialized equipment. Instead, only qualitative observations are 
often made. Specialists, such as Chiropractors gnd physiotherapists are sometimes 
5 trained to make postural assessments, often employing qualitative measures to assess 
posture and determine corrective measures. Practitioners may refer to these specialists, 
but again, the procedures are time and labor intensive and consequently, are expensive 
for the patient, who may or may not have insurance to cover these expenses: Further, 
qualified medical practitioners, such as family practice physicians, may want to perform 
10 such analyses but lack the specialized equipment or training to accurately assess posture 
based on observations alone. Consequently, a cost effective and highly automatic 
system is needed to assist practitioners in effective assessment and treatment of postural 
difficulties. 



15 



20 



25 



Another deficiency of the actual method to fevaluate and correct patient's 
posture is the loss of control of the health-care practitioner in the treatment given to his 
or her patient when he or she refers the patient to a specialist such as chiropractor or 
physiotherapist The patient has to take several appointments from several potential 
specialists. Furthermore, no health-care practitioner or specialist alone can benefit 
from experience with thousands of patients and be able to correlate biomechanical 
information from these patients with appropriate treatment and results obtained. There 
is neither a way to share experience in an efficient way between several health-care 
practitioners and/or specialists treating this many patients. There is also no way to 
provide a quantified follow-up of progress. 

SUMMARY OF THE INVENTION 



One aim of the present invention is to provide a process and apparatus to 
acquire biomechanical position data in selecting marker positions referenced with 
respect to the patient's skeletal anatomy by one of skin surface features having minimal 
variability from one patient to the next and skeletal features palpable from a skin 
.surface of the patient and in attaching a scanable marker on the patient at each of the 
30 marker positions, these marker positions being used to calculate the positions of body 
segments. 
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Another aim is to provide a method and apparatus to analyze these body 
segment positions to obtain body segment biomechanical parameters and deviations. 

Another aim of the present invention is to provide a method and apparatus 
to use these biomechanical deviation values to determine postural deviations and 
5 corrective exercises to rectify these deviations. 

Another aim of the present invention is to use the Internet to provide a 
distributed system for patient care involving image acquisition in a clinical 
environment, data analysis at a central server and communication between the central 
server and the health-care professional as well as potential follow-up and feedback 
10 between the patient and either the health-care professional or the central server or both. 

In accordance with the present invention there is provided a method of 
acquiring biomechanical position data for use. in postural analysis, this method 
comprising the steps of: 

a) selecting a plurality of marker positions referenced with respect to an 
15 anatomy of a patient by one of: 

- skin surface features having minimal variability from one patient to 
the next; and 

- skeletal features palpable from a skin surface of the patient; 

b) attaching a scanable marker on the patient at each of the marker positions, the 
20 step of attaching including palpating the patient to define at least some of the 

marker positions; 

instructing the patient to stand relaxed and in normal posture; and 

c) scanning the markers on the patient to obtain position data for each of the 
marker positions. 

25 The method in accordance with a preferred embodiment of the present 

invention, wherein the patient is scanned from a front, side and rear viewpoints. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the step of scanning comprises photographing the patient against a 
backdrop, the.markers comprising contrasting visual markers, the backdrop including a 
30 plurality of scale and orientation reference marker points. 
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The method in accordance with a preferred embodiment of the present 
invention, wherein the markers comprise an adhesive layer for sticking to the patient. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the step of photographing comprises using a digital camera with a 
5 flash to obtain digital images, the markers comprising retroreflective markers. 

The method in accordance with a preferred embodiment of the present 
invention, wherein some of the markers are scanned from more than one of the 
viewpoints and comprise retroreflective spheres. 

The method in accordance with a preferred embodiment of the present 
10 invention, wherein the step of instructing the patient to stand relaxed and in normal 
posture comprises requesting the patient to walk in place prior to standing still. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the step of scanning comprises automatically recognizing the 
markers and the reference marker points in the digital images using a computer. 

15 The method in accordance with a preferred embodiment of the present 

invention, wherein the computer comprises a user interface and, when the computer 
recognizes too many or too few of the markers, input is accepted via the user interface 
to remove or add, with reference to the digital images, the position coordinates of the 
markers which the computer incorrectly recognized or failed to recognize. 

In accordance with the present invention, there is provided a method for 
calculating postural deviation values in a patient comprising the steps of: 

a) obtaining position data identifying a position in space of body segments of 
the patient while standing relaxed and in normal posture, the body segments comprising 

25 head-shoulders, shoulders-pelvis, pelvis-hips, hips-knees and knees-ankles; 

b) obtaining height and weight data of the patient; 

c) calculating vertical and horizontal plumb lines using the position data; 

d) calculating for at least some of the body segments an angle of deviation value 
and distance of deviation value with respect to the plumb lines using the position data. 
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The method in accordance with a preferred embodiment of the present 
invention, wherein the angle and distance of deviation values are referenced with 
. respect to average or normal values. 

The method in accordance with a preferred embodiment of the present 
5 invention, further comprising a step of calculating an effective weight or stress of at 
least one of the body segments using an estimated weight of the at least one body 
segment and the deviation values. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the deviation values are calculated for all of the body segments. 

10 In accordance with the present invention tkere is provided a method of 

selecting exercises for improving tonicity and correcting posture in a patient, the 
method comprising the steps of: 

a) obtaining biomechanical position data of the patient while standing relaxed 
and in normal posture, the position data indicative of postural problems requiring 

15 correction; 

b) ranking the postural deviations by severity and priority, 

c) correlating the position data with exercises for strengthening or stretching specific 
muscles or muscle groups to obtain ranking data for the exercises; 

d) compiling an exercise program for the patient based on the ranking data, 

20 The method in accordance with a preferred embodiment of the present 

invention, wherein the step of compiling comprises manually selecting exercises from a 
ranked list of exercises. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the exercises are grouped in sets of exercises each attempting to 
25 correct a specific postural deviation, the step of correlating comprising correlating the 
position data with the sets of exercises, and the exercise program comprising a series of 
the sets of exercises . 

The method in accordance with a preferred embodiment of the present 
invention, wherein the exercises are grouped in sets of exercises each attempting to 
30 correct a specific postural deviation, the step of correlating comprising correlating the 
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position data with the sets of exercises, and the exercise program comprising a series of 
the sets of exercises. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the position data identifies a position in space of body segments of 
5 the patient, the body segments comprising head-shoulders, shoulders-pelvis, pelvis- 
hips, hips-knees and knees-ankles, and the step of correlating comprises: 

a) calculating vertical and horizontal plumb lines using the position data; 

b) calculating for at least some of the body segments an angle of deviation value 
and distance of deviation value with respect to the plumb lines using the position data; 

10 c) comparing the deviation values to normal values for the at least some of the 

body segments to obtain deviation priority values; 

d) ranking the deviation priority values according to an order of severity or 
importance; and 

e) determining the ranking data based on an association of the exercises with 
15 body segment deviations in accordance with the order of severity or importance. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the step of ranking the deviation priority values according to an 
order of severity or importance comprises manually selecting deviations to be corrected 
by the exercise program, the order of severity or importance reflecting those deviations 
20 manually selected. 

The method in accordance with a preferred .embodiment of the present 
invention, wherein the exercises are grouped in sets of exercises each attempting to 
correct a specific postural deviation, and the exercise program comprising a series of 
the sets of exercises. 

25 The method in accordance with a preferred embodiment of the present 

invention, wherein the exercise program is limited to a maximum number of exercises, 
the step of manually selecting deviations is automatically restricted when a maximum 
number of exercises corresponding to the selected deviations exceeds the maximum 
number for the exercise program. 
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The method in accordance with a preferred embodiment of the present 
invention, wherein the step of compiling comprises repeating ones of the exercises ' 
corresponding to most severe postural problems, regularly throughout the exercise 
prpgram and including ones of the exercises corresponding to less severe postural 
5 problems for only part of the program. 

The method in accordance with a preferred embodiment of the present 
. invention, wherein the step of compiling comprises including ones of the exercises 
corresponding to moderately severe postural problems more intensively for only part of 
the exercise program. 

10 The method in accordance with a preferred embodiment of the present 

invention, wherein the step of compiling comprises repeating ones of the exercises 
corresponding to most severe postural problems regularly throughout the exercise 
program and including ones of the exercises corresponding to less severe postural 
problems for only part of the program. 

15 . .The method in accordance with a preferred embodiment of the present 

invention, wherein the step of compiling comprises including ones of the exercises 
corresponding to moderately severe postural problems more intensively for only part of 
the exercise program. 

The method in accordance with a preferred embodiment of the present 
20 invention, further comprising steps of: 

a) obtaining, after completing of the exercise program, new biomechanical 
position data of the patient while standing relaxed and in normal posture; 

b) evaluating an effectiveness of the exercises in the exercise program for 
correcting the postural problems; and 

25 c) adjusting parameters used in the step of correlating for future patients based 

on the effectiveness evaluated in the previous step. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the exercise program is repeatedly varied until the effectiveness of 
the exercises is optimized. 
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. The method in accordance with a preferred embodiment of the present 
invention, wherein the steps of correlating, evaluating and adjusting are carried out 
using a centralized shared database of the parameters used in the step of correlating for 
a large number of patients. 

5 The method in accordance with a preferred embodiment of the present 

invention, wherein the parameters include at least one of age and an activity level of the 
patient. 

In accordance with the present invention there is provided a method of 
providing posture health care using a distributed system, the method comprising the 
10 steps of: 

a) obtaining personal data of a patient, the personal data including weight, 
height, gender and activity data of the patient, and obtaining posture anatomical 
reference position data of the patient at a biomechanical iQeasurement station; 

b) processing the personal and position data using data stored in a remote 
15 central database to obtain preliminary postural deviation assessment data; 

c) providing the preliminary postural deviation assessment data to one of a 
health-care practitioner and the patient; 

d) obtaining corrected postural deviation assessment data from one of the 
health-care practitioner and the patient; and 

20 e) modifying the data stored hi the central database using the corrected data. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the preliminary postural deviation assessment data comprises a 
ranked list of deviations and a preliminary selection of the deviations to be included in 
a therapeutic exercise program, and the corrected data comprises a corrected selection 
25 of the deviations to be included in a therapeutic exercise program. 

The method in accordance with a preferred embodiment of the present 
invention, wherein: 

the preliminary postural deviation assessment data comprises a set of 
therapeutic exercises of an exercise program; 
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the corrected data comprises new posture anatomical reference position data of 
the patient obtained after completion of the exercise program; and 

step (e) comprises processing the new reference position data to determine an 
effectiveness of the therapeutic exercises in correcting postural deviations and 
5 modifying accordingly the data stored in the central database. 

The method in accordance with a preferred embodiment of the present 
invention, wherein: 

step (a) comprises validating completeness of the reference position data at the 
biomechanical measurement station and transmitting the personal and position data to a 
10 central server, 

step (b) is a carried out at the central server; 

step (c) comprises transmitting the preliminary postural deviation assessment 
data from the central server to one of the health-care practitioner and the patient; 

step (d) comprises transmitting the corrected data to the central server; and ~~ 

1 5 step (e) is carried out by the central server. 

The method in accordance with a preferred embodiment of the present 
invention, wherein the biomechanical measurement station includes a health-care 
practitioner client station in communication with the central server. 

The method in accordance with a preferred embodiment of the present 
20 invention, wherein the client station uses a web browser interface to communicate with 
the central server, the central server providing a secure connection to a biomechanical 
assessment report web document for the patient 

For the purpose of the present invention the following terms are defined 

below. 

25 The term "anterior view" is intended to mean the view of the front of the 

body (with the person in anatomical position). The term "lateral view" is intended 
to mean the view of the patient from the side. 

The term "posterior view" is intended to mean the view of the patient from ' 

behind. 
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The term ,f body segment parameters" is intended to mean the spatial 
coordinates of body segments and key anatomical landmarks taken from the images 
from the lateral, anterior and posterior views. 

The present invention provides a process and apparatus to acquire patient 
5 images rapidly and accurately in a clinical environment, to extract body segment 
parameters from surface markers, a method for analysing these data to obtain 
biomechanical parameters and deviations, a method involving the use of these 
biomechanical parameters and deviations for the detection of postural deviations and 
the selection of corrective exercises, and the use of Internet to provide a distributed 

10 system for patient care involving image acquisition in a clinical environment, data 
analysis at a central server and communication between the central server and the 
health-care professional as well as potential follow-up and feedback between the patient 
and either the health-care professional or the central server or both. The placement of 
markers based on a well established model of ideal postural alignment is crucial 

15 because the placement of markers determines the relative deviation of body segments 
from vertical and horizontal '"plumb" or ideal alignment The current system uses the 
inost widely used and respected anatomical definition of ideal postural alignment 
(Kendall, McCreary, & Provance, 1993). And, a sophisticated marker placement 
system has been designed to place surface markers on locations defining this alignment 

20 The importance of a correct definition of ideal posture is obvious when one is 
• attempting to detect postural deviations. A further crucial difference between the 
• earlier systems and the present invention is the use of scanning technology to 
automatically detect the location of reflective markers placed on th? skin overlying 
skeletal landmarks. They can be placed directly on the skin because they are made 

25 from a hypoallergenic material. Such marker placement is highly important, because it 
avoids the potential examiner error associated with the manual identification of 
presumed skeletal landmarks from video images. The current system automatically 
. detects markers, and their locations are transmitted automatically through the web for 
the calculation pf postural deviations. Further differences between earlier state of the 

30 art and the current system includes the automatic generation of a personalized exercise 
plan based on individualized and automatic assessments of patients' bioinechanical and 
postural status. 
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As such, the biomechanics! knowledge system radically changes the practice of 
biomechanical analysis by creating an objective and effective methodology that is simple to 
implement using complex yet innovative technology. We have developed a strong 
theoretical model of biomechanical function as well as innovative methods for data capture, 
5 analysis and adapted exercise routines. Both theoretical and technological aspects of our 
system have been integrated into a coherent and operational system. 

We have successfully linked a biomechanical assessment of potential 
postural deviations to the underlying muscular components giving rise to these 
deviations. We go further by suggesting specific muscular training routines to 
io ameliorate the underlying muscular and postural deviations. This unique theoretical 
and methodological link will be outlined in more detail below, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Haying thus generally described the nature of the invention, reference will 
now be made to the accompanying drawings, showing by way of illustration a preferred 
15 embodiment thereof, and wherein: 

Fig. 1 : surface anatomical marker locations in the anterior view; 

Fig. 2: marker positions in the lateral view; 

Fig. 3: marker positions in the posterior view; 

Fig. 4: the retroreflective marker sticker construction according to the 
20 preferred embodiment; 

Fig. 5 : the retroreflective marker sphere and application sticker assembly 
according to the preferred embodiment; 

Fig. 6 : the position of the camera fcnd calibration backdrop; 

Fig. 7: the perspective of the subject relative to the wall and the camera, as 
25 well as measures used for calculations; 

Fig. 8: the flowchart describing the image acquisition and the obtention of 
the location of anatomical markers; 

Fig. 9 shows the flowchart describing the process to generate an exercise 

schedule; 
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Fig. 10: the flowchart describing the overall process of biomechanical 
assessment, postural deviation detection, exercise generation, feedback fiom health- 
care practitioner to patient and follow-up. 

Fig. 1 1 : the schema server-user; 

Fig. 12: description of missing marker calculation; 

Fig. 13: page of the Biomechanical Assessment Report (Biomechanical 
Assessment Report) with patient's image, deviations and biomechanical parameters; 

Fig. 14: page from the Biomechanical Assessment Report with postural 
deviations and associated exercises and stretching; 

Fig. 15: page from the Biomechanical Assessment Report with exercise 
schedule; and 

Fig. 16: page fiom the Biomechanical Assessment Report with illustration 
and description of two of the many possible exercises of the exercise program 

DETAILED DESCRIPTION OF THE INVENTION 

hi accordance with the present invention, there is provided a system and 
method using biomechanical analysis to generate a schedule of corrective exercises 
suitable for a patient's condition. 

The present invention follows the established biomechanical and clinical 
principle that resting, standing posture is a composite state made up of the relative 
position of body segments (e.g., head, trunk, legs) in space and relative to gravity. This 
is - known as static postural alignment. Posture can also be described in terms of 
muscular balance. Proper posture is the result of symmetrical muscular development 
and the appropriate interaction of flexor and extensor muscles in a way that suits a 
vertical stance. 

The method described in the present application is based on hypotheses 
underlying muscular balance, such hypotheses being that: 

- All alignment problems yield abnormal tension and constrain the 
skeleton, joints, ligaments and muscles. 
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- The study, of the relative position of linked body segments reveals 
muscles that are hyper- or hypo-contracted. 

- Alignment and muscular balance are correlated for normal posture. 

- Muscular imbalance promotes an increase in the distance of a body 
5 segment from correct vertical and horizontal alignment. 

- Depending on the deviation, antagonist muscle groups must be 
strengthened or stretched to achieve correct muscular balance and 
postural change. 

The inseparable qualities that are alignment and muscular balance are 
10 central components of correct body mechanics. A correct vertical stance is the result pf 
a harmonious combination of joint and body segment positions, which in turn stem 
from an optimal ratio of agonist/antagonist muscles. The energy expenditure required 
by the muscles is minimal. Therefore, there is an optimal alignment of the body that 
must take into account all anatomical structures involved in maintaining this alignment. 
15 Further, alignment is maximal when the load-bearing stractures are also positioned 
optimally relative to gravity. The sum of forces that act on anatomical structures are 
balanced if the body is correctly positioned. Daily activities and habits often transform 
the body from ideal postural alignment independently of disease or structural 
anomalies. This can have highly negative consequences on daily living, and 
20 particularly in terms of the energy necessary to maintain the disordered posture and 
overlying movements. It is therefore very important to identify and correct these 
postural deviations. 

The following steps are involved in the postural assessment-postural 
deviation muscular identification-exercise process. These steps consists of: 

25 - Comprehensive biomechanical analysis 

- Identification of postural deviations and ranking by order of priority 

- Specification of muscular factors underlying the postural deviations 

- Personalised muscular, stretching and exercises routines to ameliorate 
postural deviations that incorporates level of difficulty and order of 

30 * priority of deviations 
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- Assessment of client progress by follow-up Biomechanics Assessment 
Reports and 

- Modification of exercise protocol, if necessary. 

The marker construction according to the preferred embodiment is 
5 illustrated in Figs. 4 and 5. There are two types of markers, flat round disks 25 and 
spheres 30. The disks 25 and spheres 30 share the same diameter, namely about 2 cm. 
The spherical and flat markers are placed on the surface of a patient's body using 
hypoallergenic adhesive, the markers being placed over skeletal- landmarks that define 
ideal postural alignment. The skeletal landmarks used in the present invention are 

10 landmarks which have been recommended by the teachings of Kendall et al. (1993) 
mentioned above. The adhesive layer 24 is provided on a release sheet 20 with a lift- 
off tab 24. The retroreflective disk 25 is already attached to the adhesive sheet 22 
which has the same shape as the disk, except for the tab 24. Due to the double-sided 
adhesive sheet 22, the adhesive layer 21 is hypoallergenic and is used to contact the 

15 skin or the tight clothing of the patient 36, while the adhesive layer 23 allows the disk 
25 to be held in place or peeled off. When the disk 25 is peeled off, the sheet 22 
remains adhered to the patient surface 36, and exposes the layer 23. The sphere 30, 
having a truncated flat side is adhered to layer 23, and is thus applied to patient surface 
36. The sphere 30 comprises a wooden core 32 which is dipped in a retroreflective 

20 paint (Axon Alert 1460, Axon Aerospace, Greenville, U.S.A.) which forms a coating 
34. . 

The disk 25 is cut from stock sheet of retroreflective material made by 3M, 
namely 3929 Thermal Transfer Printable Retro-Reflective Label Stock and has a 
thickness of 3 mm. The double-sided adhesive sheet 22 is made by 3M, namely 1*522, 

25 Double Coated Medical Tape.. The adhesive layers 21 and 23 are hypoallergenic, 
pressure sensitive acrylate adhesive. The coating material 34 comprises 85% solids per 
weight and the fineness of grind is 200 mesh. The mixing and coating process is as 
follows. Surfaces to be paint are cleaned and lightly abraded before coating. The 
spheres are then dipped between 2 to 5 minutes and dried under normal drying 

30 conditions. 

Four digital images are taken of the patient using camera 10 in order to 
provide a visual image of postural alignment for the patients and health-care 
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professionals and for the automatic detection of body segment parameters. The camera 
10 has a standard built-in flash 12 which is set to operate during image acquisition. 
The intense light form the flash is reflected by the markers 25 and 30 and the markers 
appear as bright small circles in the acquired images. The high contrast of the markers 

5 25 and 30 with respect to the im&ge of the patient facilitates later automatic recognition 
of the markers. Thevplacement of markers in the anterior view is shown in Fig. 1 . FA02 
is a spherical marker placed on the glabella, FA03 is a spherical marker placed on the 
middle of the chin and overlying the mental protuberance, FA05 is a spherical marker 
placed on the right shoulder over the acromion, FA07 is a spherical marker placed on 

10 the left shoulder over the acromion, FA06 is a marker placed on the jugular notch, 
FA08 is a marker placed over the umbilicus, FA09 is a spherical marker placed on the 
right anteriosuperior iliac spine, FA11 is a marker placed on the left anterior superior 
iliac spine, FA12 is a marker placed on the right wrist over the styloid process of the 
radium, FA13 is a marker placed on the left wrest oyer the styloid process of the 

15* radius, FA14 is a marker centered over the right patella, FA15 is a marker centered 
over the left patella, FAi6 is a marker centered between the right medial and lateral 
malleoli, FA18 is a marker centered between the left medial and lateral malleoli, FA19 
is a marker placed on the anterior aspect of the right distal phalanx of the great toe and 
FA20 is a marker placed on the anterior aspect of the left distal phalanx of the great toe. 

20 The markers on the lateral view are placed as shown in Fig. 2. SDOl is a 

marker placed on the tragus of the right ear, SD02 is a spherical marker placed on the 
glabella, SD03 is a spherical marker placed on die middle of the chin, and overlying the 
mental protuberance, SD04 is a spherical marker placed on the right shoulder over the 
acromion, SD05 is a spherical marker placed over the right posterior superior iliac 

25 spine, SD08 is a spherical marker placed on the rigjit anteriosuperior iliac spine, SD09 
is a marker placed over the greater trochanter, SD10 is a marker placed on Gerdys 
tubercle and SD 1 1 is a marker placed on the transverse tarsal joint. 

The markers on the posterior view are placed as shown in Fig. 3. FP03 is a 
marker placed over the spinous process of the seventh cervical vertebra, FP04 is a 
30 spherical marker placed on the left shoulder over the acromion, FP05 is a spherical 
marker placed on the right shoulder over the acromion, FP06 is a marker placed over 
the spinous process of the fifth thoracic vertebra, FP07 is a marker placed over the left 
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posterior superior iliac spine, FP08 is a spherical marker placed over the right posterior 
superior iliac spine, FP10 is a marker placed on the left wrist over the styloid process of 
the ulna, FP1 1 is a marker placed on the right wrist over the styloid process of the ulna, 
FP12 is a marker placed over the center of the left popliteal cavity, FP13 is a marker 
5 placed over the center of the right popliteal cavity, FP14 is a marker centered over the 
left Achilles tendon at the level of the medial malleolus, FP.16 is a marker centered over 
the right Achilles tendon at the level of the medial malleolus, FP17 is a marker 
centered over the calcaneous of the left foot and FP19 is a marker centered over the 
calcaneous of the right foot. 

10 Precise position of the markers is essential for accurate biomechanical 

assessment and detection of postural deviations. For this, the patient must wear very 
tight workout clothes to avoid hiding the few landmarks that are potentially covered by 
clothing. Most markers are placed directly over the body surface. The health-care 
practitioner must palpate the patient to make sure that the inarkers are well positioned 

15 Shown in Fig. 6 is the position of the camera and calibration backdrop. 

Pictures are taken with a flash to use the retroreflective property of the markers arid 
make them more apparent on the pictures. The first picture is taken from the lateral 
view with arms down. The second picture is also from the lateral view but with the 
proximal arm flexed at 90° to detect the position of markers potentially hidden with 

20 the arm down. These values are eventually transferred to the more Natural" lateral 
image with the arm down. The third and fourth pictures are taken from the anterior 
and posterior views, respectively. The pictures are taken against a backdrop including 
a plurality of scale and orientation reference marker points facilitating body segment 
parameters calculation. Also the patient is instructed to stand in a relaxed and normal 

25 posture. To help the patient to adopt the most natural body posture possible, the patient 
is asked to walk in place prior to standing still. 

The digital images are stored on a flash memory card within the camera and 
then transferred to a card reader connected to a computer which in turn, is connected to 
the Internet. The health-care professional can then connects to the central processing 
30 server (4) of Fig. 12 entering on the system web site. First step, the health-care 
practitioner has to identify client. If the client has his or her first evaluation, personal 
data (height, weight, gender, age, activity level, preferred unit of measurement) is 
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entered. A client identification number is created to identify client data in the database 
but protect confidentiality. In the second step, the health-care professional starts the 
image scanning and biomechanical assessment process. The health-care practitioner 
selects each patient's images in the directory on the computer. The positions of the 
5 anatomical markers that define body segments are scanned and coordinates sent via the 
Internet to the central server for processing. To protect patient privacy, the images 
themselves are never sent via the Web, only the coordinates of the markers are 
transferred. 

the digital location of the markers is supplied and the system receives the 
10 scan, validates it and sends back a validation message to the health-care practitioner. 
The health-care professional receives an error message if insufficient or excessive 
markers are apparent in the automatic scan. A manual function is provided to correct 
marker placements, if necessary, and the images are re-scanned. If it is determined that 
the marker position data obtained from the imaged is flawed, the health-care 
15 professional may again acquire the images, possibly after rechecking the marker 
positioning. As will be appreciated, when the imaging is complete, and after 
confirming that the marker positions have been validated, the tabs 24 of the adhesive 
sheets 22 for the markers 25 and 30 facilitate removal of the adhesive sheets from the 
clothing or skin 36 of the patient (see Fig. 5). Since a large number of markers need to 
20 be removed, saving time in their removal allows the patient to finish up quicker and 
change back into his or her clothes. 

The next step is to update credit information, submit it to the system and 
confirm payment. The system sends back a validation message to the health-care 
practitioner to proceed, 

25 Further to that step, biomechanical calculations are executed on the central 

server (4) of the Fig. 11. 

The first step is the conversion of images from pixels to actual distances. 
To do so, the origin is redefined as follow: 

w 

x=x ~i 
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j h 

where w = image width 
and • h = image height 
Then the image rotation is proceed as follow: 

dy _ ^Cly-C2y y^ C3 y -C4y ^ 

d; d 
y y d d 

where d = ->jdx 2 +dy 2 
10 with CI, C2, C3 and C4 being calibration points from the backdrop. 

With these calculations it is possible to get coordinate values of the position 
of anatomical markers relevant to plumb lines in millimetres (or inches with 
conversion). Shown in Fig 7 is the perspective needed for this process. 

D = Calibration dimension (mm) 

15 c = distance of camera from the wall 

s= distance of the subject from the wall 



-=fH) 
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/ \ dy y 

The calculation of (1-s/c) is obtained with the following formulas : tzn[a) = — = — 

yxs 

dy 

c 

Y' =y-dy 

5 The same calculations may be made with respect to x and the distance d r can 

be calculated as : 

The calculations made, die coordinates of markers are detennined and 
expressed relative to vertical and horizontal plumb 'lines. The missing markers 

10 positioned in pelvic area are then calculated. Shown below are the equations used to 
determine marker coordinates and Fig. 12 displays the missing markers on the pelvis 
area. SD5, SD8, SV5 and SV8 represent the markers on the pelvic area, d is .the 
segment relating SD5 and SD8 and b is the segment relating SD5 and SD9. The angle 
G is the angle between the markers SD5 and SD8. In reconstructing a right-angle 

15 triangle where d is the hypotenuse, w is the leg facing the hypotenuse and h is the 
remaining leg of the rectangle. 

Plus: FA9(x2»', y2 1 ' ) and FP9(xl", yl ' * ) 
dx-(x2'-xV) 
fee = (x3 V*!') 
20 dy = (y2'-yV) 
by = {yy-yV) 
/i = (y2"-vl") 

d = Jdx 2 + dy 1 ' 
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10 



b = Jbx*+by 2 

d •b-dbcos0 = dxbx + dyby 

d 2 = (x2-;cl) 2 +/* 2 

5 x2 = xl + Jd 2 -h 2 or xl = x2-Jd 2 -h 2 
y2 = y\ + h or yl = y2 — h 
w = x2~xl 



x3 = xl + ~ (wcos 0 - A sin 0) 

>>3 = y 1 + — (h cos 0 + wsin 0) 
d 



Marker coordinates are used in the next step to determine a patient's 
deviations from optimal alignment. Shown in Table 1 are the calculations necessary to 
determine postural deviations. 
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Table 1 



Code 


Related 
body parts 


Formula 


Units 


FA_ANG1 


Shoulders 


ARCTAN( (FA07Y- 
FA05Y) / (FA07X-FA05X) ) 


O 


FA_ANG2 


Pelvis 


ARCTAN ( (FA11Y- 
FA09Y) / ( FAliX - FAO 9X ) ) 


o , 


FA ANG3 


Knees 


ARCTAN ( (FA1 5 Y- 
FA14Y) / (FA15X-FA14X) ) 


o 


FA DIST1 


Shoulders 


( (FA05X+FA07X) /2) -FA17X 


mm 


FAJDIST2 


Forehead 


FA02X-FA17X 


mm 


FA_DIST3 


Navel 


FA08X-FA17X 


mm 


FA_DIST4 


Pelvis 


FA10X-FA17X 


mm 


FAJ3IST5 


Knees 


( (FA14X+FA15X)/2) -FA17X 


mm 


FA DTST6 


Toes 


( f FA20X+FA19X) /2) -FA17X 


mm 


FP ANG AN1 


Left Foot 


ARCTAN f (FP14X- 
FP17X) / (FP14Y-FP17Y) ) 


o. j 


FP ANG AN2 


Riaht foot 


ARCTAN ( (FP16X- 
FPi9X) / (FP16Y-FP19Y) ) 


o 


FP_ANG1 


Shoulders 


ARCTAN ( (FP05Y- 
FP04Y) / (FP05X-FP04X) ) 


o 


FP_ANG2 


Pelvis 


ARCTAN ( (FP09Y- 
FP07Y) / (FP09X-FP07X) ) 


o 


FP_ANG3 


Knees 


ARCTAN ( (FP13Y- 
FP12Y) / (FP13X-FP12X) ) 


o 


FP_DIST1 


Shoulders 


( (FP04X+FP05X) /2) -FP18X 


mm 


FP__DIST2 


-.til 

7 

cervidal 


FP03X-FP18X 


mm 


FP_DIST3 


5"* dorsal 


FP06X-FP18X 


mm 


FP_DIST4 


Pelvis 


FP08X-FP18X 


mm 


FP__DIST5 


Knees 


( (FP13X+FP12X) /2) -FP18X 


mm 


FP_DIST6 


Ankles 


FP15X-FP18X 


mm 


SD_ANG1 


Head- 
Shoulders 


ARCTAN ( (SD01X- 
SD04X) / (SD04Y-SD01Y) ) 


o 


SD_ANG2 


Shoulders - 
Pelvis 


ARCTAN ( (SD04X- 
SD07X) / (SD07Y-SD04Y) ) 


o 
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Code 


Related 
body -parts 


oxuiujLa. 


Units 


SD_ANG3 


Pelvis- 
Hips 


ARCTAN( (SD07X- 
SD09X) / (SD09Y-SD07Y) ) 


o 


SD_ANG4 


Hips -Knees 


ARCTAN( (SD10X- 
SD09X) / (SD09Y-SD10Y) ) 


o 


SD_ANG5 


Knees - 
Ankles 


ARCTAN ( (SD11X- 
SD10X) / (SD10Y-SD11Y) ) 


o 1 


SD_DIST1 


Head 


SD01X-SD11X 


iron 


SDJDIST2 


Shoulders 


SD04X-SD11X 


mm 


SDJDIST3 


Pelvis 


SD07X-SD11X 


mm 


SD_DIST4 


Hips 


SD09X-SD11X ' 


mm 


SD__DIST5 


Knees 


SD10X-SD11X 


mm 



10 



15 



Deviations from horizontal and vertical aUgnment, moments of force and 
reaction forces, and center of gravity are calculated from the biomechanics parameters 
obtained from the images in the lateral, anterior and posterior views. The deviation 
values are referenced with respect to body alignment position values. These values are 
used both in the detection of postural deviations and also as a follow-up tool to assess 
patient progress after following a corrective exercise plan. 

These values are used as a diagnostic tool and as a way to measure progress 
in the patient's condition. 

Constants: 

Head Ratio: RaH = 8.4% 
Trunk Ratio: RaT = 58.4% 
Gravity: G = 9.8 m/s 2 
Global: 

Weight Total: We = Total person mass (kg) 
Weight head: WeH -We* RaH * G 
Weight trunk: WeT = We* RaT * G 
Weight head&trunk: WeHT = WeH + WeT 
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Lateral Plane: . 



, , tj tt, a* (SD01X-SDQ4X) 

Angle Head: LAnHA = ATan] 

^ • ^ SD04Y-SD01Y J 

. „ WeH*(SD0lX-SD04X) 
Moment Head: LMoH * » — L 

ReactionHead: LKeH - -LMoH * 25 -WeH 



5 Reaction Head %: ^46, 



WeH J 



AngleTrunk: ^27 = ^^ ^ J 
Moment Trunk: LMoT = * — — — 

10UO 

Reaction Trunk: LReT = -LMoT*20-WeHT 
Reaction Trunk %: £ Re7P = WeT 1 

WeHT * (SDOIX - SD07X) 
Moment Head&Trunk: LMoHT = — v lQQQ = ' 

Reaction Head&Trunk: LReH = -LMoHT * 20 — WeHT 

( LRgHT\ 

Reaction Head&Trunk %: LReHTP = Abs\ WeHT \ 

Front Plane: 

, „ , tj ' *m (FAQ2X-FA06X\ 
15 AngleHead: LAnHA = ATar{ FAQ6Y _ FAQ2Y J 

tt j rr * (fl406Jf - FA02X) 
Moment Head: LMoH = — — * — —— L 

1UUU 

ReactionHead: Z, Re H = -LMoH * 25 - WeH 
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Reaction Head %: Ab I L ** H \ 

{ WeH J 

Angle Trunk: LAnTI = ATan( FA06X ~ ™ 0X ) 
MomentTrunk: lM,r- 

1000 

Reaction Trunk: Z, Re 7" = -LMoT * 20 - WeT 
5 Reaction Trunk %: ZReJP = yte/^^ | 

A , tt ^ \»*n , , , rr^r v«n ( FA02X -r FA\QX\ 

Angle Head and Trunk: LAnHTI = ^Tb/i — 

{FA10Y-FA02Y ) 

MomentHeadandTrunk: ^oflT= ^^10*-^02*) 

1000 



Reaction Head and Trunk: LReHT = -LMoHT * 20 - JTaF/r 
Reaction Head and Trunk %: Abs\ 



( LReHT 
\ WeHT 



1 0 The center of gravity projection is calculated as follows: 

X coordinates: ( (FA17X- (FA02X+FA04X) /2 ) *WeFAH+ (FA17X- 
(FA07X+FA05X) /2) *WeFAS+ (FA17X- 
(FA11X+FA09X) /2) *WeFAP+ (FA17X- 

(FA14X+FA15X) /2 ) *WeFAK) / (WeFAH+WeFAS+WeFAP+WeFAK) 

15 Y coordinates: ( (SD11X-SD01X) *WeSDH+ (SD11X-SD04X) *WESDS+ (SD11X- 
SD07X) *WeSDP+ ( SDO 9X - SD 1 OX) /SQRT ( (SD10Y-SD09Y) A 2 + (SD09X- 
SD10X) A 2) *RATIO_SD_THIGH_LENGTH*Height*WeSDT+ (SD10X- 
SD11X) / SQRT ( (SD11Y-SD10Y) A 2+ (SD10X- 

SD11X) ^2) *RATIO_SD_LEG_LEaSTGTH*Height*WeSDK) / (WeSDH+WeSDS+W 
20 eSDP+WeSDT+WeSDK) 

Where the parameters used to calculate the center of gravity are described herewith: 



Parameters 



Description 



View 
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Parameters 


Description 


View 


WeFAH 


Head weight 


Anterior 


WeFAS 


Shoulder weight 


Anterior 


WeFAP 


Pelvis weight 


Anterior 


WeFAK 


Segment weight (whole leg) 


Anterior 


WeSDH 


Head weight 


Lateral 


WeSDS 


Shoulder weight 


Lateral 


WeSDP 


Pelvis weight 


Lateral 


WeSDT' 


Thigh weight 


Lateral 


WeSDK 


Segment weight (knee to foot) 


Lateral 


Ratio JSDJThighJLength 


Center of mass for the thigh in % of the 
segment length 


Lateral 


Ratio_SD_Leg_ 
Length 


Center of mass for the leg (knee to 
foot) in % of the segment length 


Lateral 



These coordinates are then compared to the ideal center of gravity position 
located on the base of support between the feet. 

When the Biomechanical Assessment is complete (a virtual instantaneous 
process through the central server), data are transferred back to the health-care 
practitioner's computer via the Web. A Biomechanical Assessment Report can then be 
generated and modified as needed. The health-care practitioner has the possibility to 
adjust postural deviations based on supplemental information th^t he or she may have 
noted during the patient's examination. Postural deviations are ranked automatically 
and based on the relative importance of the trunk and head and neck stability on 
postural function. The top three deviations are selected by default for the treatment, but 
the health-care practitioner has the possibility to select other deviations.' Every change 
made by the health-care practitioner is identified in the system to take it into account 
during further statistical analysis. When the deviations selected for the treatment are 
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confirmed correctives exercises are automatically generated. A ten-week exercise 
schedule is generated which is, again, modifiable by the health-care practitioner if 
necessary. Exercises are selected compatible with a patient's activity level from low, to 
moderately to highly active. The health-care practitioner also has the opportunity to 
change exercise selection and/or schedule. The health-care practitioner can ask the 
system to increase or decrease the difficulty level of the program and generate a new 
schedule based on the request. The health-care practitioner can also remove or add 
exercises from the program because he or she thinks that a particular exercise can be 
harmful to the patient or to place emphasis on a particular deviation correction. Finally, 
health-care practitioner can reorganize the schedule in changing the order of exercises. 
Presented in Tables 2 and 3 are lists of deviations that are detectable by the current 
system, as well as the corrective actions by exercising and stretching to correct these 
deviations. 
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Table 2 

Deviations - Exercises link 



Dexiadans Actions 



Exercises 



Letds 



DIS001 Translation of the head to the left 
NHLF LS 



NHLF JLC 



DIS002 



Translation of the 
right 

NHLF L,C 



NHLF US 



NHFLR019SR 


Assisted neck extensor, lateral flexor and rotator 


2^ 




stretch 




NHL01 1SR 


Neck lateral flexor stretch 


* 


NHL01.7SR 


Assisted neck lateral flexor stretch 


2,3 


NHL024SR 


Supine neck lateral flexor stretch 


1 


NHLR014SL 


Neck flexor, lateral flexor and rotator stretch 


1 


NHLR015SR 


Neck extensor, lateral flexor and rotator stretch 


1 


NHLROISSR 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 




o»oieo iicv* cALouuif kjusroi Flexor ana rutdiur 






stretch 




NHXIDOSSR 


Assisted neck flexor and lateral flexor stretch 


2,3 


NHXLRO03SR 


Neck flexor, rotator and lateral flexor stretch 


1 


NHXLRO07SR 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


NHXLRO08SR 


Assisted neck flexor, lateral flexor and rotator stretch 


2^ 


NHLF010CR 


Cervical strengthening 




NHU=011CR 


Supine cervical strengthening 


1 


NHLF012CR 


Cervical strengthening with elastic resistance 


2,3 


head to the 






NHLF010CL 


Cervical strengthening 


1,2 


NHLF01 ia 


Supine cervical strengthening 


1 


NHLF012CL 


Cervical strengthening with elastic resistance 


2r3 


NHFLR019SL 


Assisted neck extensor, lateral flexor and rotator 


2^ 
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Devotions Actions 



Exerdses 



Lends 



stretch 

NHL01 1SL Neck lateral flexor stretch * 

NHUD17SL Assisted neck lateral flexor stretch 2,3 

NHL024SL Supine neck lateral flexor stretch l 

NHLR014SR Neck flexor, lateral flexor and rotator stretch 1 

NHLR015SL Neck extensor, lateral flexor and rotator stretch l 
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Deiiadon Actiars 
s 



Exerdses 



Lads 



NHLR01 BSl 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


NHLRD20SL 


Assisted neck extensor, lateral flexor and rotator 


2,3 




stretch 




NHLR021SL 


Neck lateral flexor stretch 


2,3 


NHXLQ05SL . 


Assisted neck flexor and lateral flexor stretch 


2,3 


NHXLRO03SL 


Neck flexor, rotator and lateral flexor stretch 


1 


NHXLRO07SL 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


NHXLRO08SL 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 



DIS003 Protrusion of the head 
NHEXS 



NHFUC 



TRCE.C 



NHF009SB 

NHR001CB 

NHFLO02CB 
NHFL003CB 
NHRO09CB 

TREX002CB 



TREX007CB 
TREX010CB 
TREX011CB 
TREX012C8 

DIS004 Posterior deviation of the head 
NHEX.S 

NHF009SB 

NHFL.C 

NHR001CB 

NHFLO02C8 
NHFLO03CB 
NHFLO09C8 



Neck extensor stretch 

Cervical strengthening 

Cervical strengthening 
Supine cervical strengthening 
Cervical strengthening 

Prone trunk extension 
Arm and hip extension 

Prone lumbar extension with hands on the tower back 
Prone lumbar extension with hands behind your head 
Seated lumbar extension 



Neck extensor stretch 



Cervical strengthening 

Cervical strengthening 
Supine cervical strengthening 
Cervical strengthening 



2 
2 

2^ 
2,3 

2,3 
1 
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Levis 



Neck flexor stretch l 
Assisted neck flexor stretch 2,3 

Standing torso flexion with arms reaching down * 
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Deuatiors Actios 



Exaxxes 



Letds 



TREX009SB 


Supine back extensor stretch propped up on your 


1 




elbows 




NHEX0O4CB 


Cervical strengthening 


1 


NHEXD05CB 


Cervical strengthening 


1 




Cervical strengthening with elastic resistance 


2,3 




pmnp cervical strenathenlnQ 


2 


NHFLR019SR 


Assisted neck extensor, lateral flexor and rotator 


2,3 




stretch 




NHL01 1SR 


* Neck lateral flexor stretch . 


* 


NHU017SR 


Assisted neck lateral flexor stretch 


2,3 


NHL024SR 


Supine neck lateral flexor stretch 


1 


NHLR014SL 


Neck flexor, lateral flexor and rotator stretch 


1 


NHLRD155K 


KiA/»ir ovfoncnr lateral flpvfY and rotator stretch 
PtGCK CXDBTISOr, loud 01 I i<za.v^ oiiu i \j**b iaji swwiMi 


1 


NHLR018SR 


Assisted neck flexor, lateral flexor and rotator 


2,3 




stretch 




NHLRD20SR 


Assisted neck extensor, lateral flexor and rotator 


2,3 




stretch 




NHXL005SR 


Assisted neck flexor and lateral flexor stretch 


2,3 


NHXLRO03SR 


. Neck flexor, rotator and lateral flexor stretch 


1 


NHXLRO07SR 


Assisted neck flexor, lateral flexor and rotator 


2r3 




stretch 




NHXLRO08SR 


Assisted neck flexor, lateral flexor and rotator 


2,3 




stretch 




NHFLR019SL 


Assisted neck extensor, lateral flexor and rotator 


2r3 




stretch 




NHLOllSl 


Neck lateral flexor stretch 


* 


NKL017SL 


Assisted neck lateral flexor stretch 


2,3 


NHL024SL 


Supine neck lateral flexor stretch 


1 


NHLRD14SR 


Neck flexor, lateral flexor and rotator stretch 


1 


NHLR015SL 


Neck extensor, lateral flexor and rotator stretch 


1 



DIS005 



Rodon of the head 
NHEX.C 



NHLF L.S 



NHLF R.S 
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Deuaticns Actions 



Exerdses 



Lends 



NHLR018SL Assfeted nedc flexor, lateral flexor and rotator 2,3 
stretch 

NHLR020SL Assisted neck extensor, lateral flexor and rotator 2^3 
stretch 

NHLR021SL Neck lateral flexor stretch 2,3 

NHXUXJ5SI Assisted neck flexor and lateral flexor stretch 2,3 

NHXLRO03SL Neck flexor, rotator and lateral flexor stretch l 

NHXLRO07SL Assisted neck flexor, lateral flexor and rotator 2,3 
stretch 
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Deviations Actions 



Exerdses 



Levis 



NHXLRO08SL Assisted neck flexor, lateral flexor and rotator stretch 2,3 



TRCE.C 



TRHX002CB 

TREX007CB 
TREX010OB 

7REX011CB 
TREX012CB 
DIS006 Extension of the head 
NHEXS 

NHF009SB 

NHFL.C 

NHFL001CB 
NHFLO02CB 
NHFL003CB 
NHFLO09CB 

SCADS 

SCAD001SB 
SCAD007SB 

DIS009 Lateral flexion of the head 
to the 



NHLF L.C 



NHU=010a 

NHU=01 1CL 
NHLP012a 



NHLF RS 



Prone trunk extension 



Arm and hip extension 



2r3 



2,3 



Prone lumbar extension with hands on the lower * 
bade 

Prone lumbar extension with hands behind your head 2,3 

Seated lumbar extension l 



Neck extensor stretch 

Cervical strengthening 
Cervical strengthening 
Supine cervical strengthening 
Cervical strengthening 

Scapula adductor stretch with your hands behind 
your back 

Scapula adductor stretch with your arms crossed 



Cervical strengthening 

Supine cervical strengthening 

Cervical strengthening with elastic resistance 



NHFLR019SL Assisted neck extensor, lateral flexor and rotator 



1,2 
1 
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Devotions Actions Exercises ] ' " Te^3s 

NHL01 1SL Neck lateral flexor stretch " * 

NHU017SL Assisted neck lateral flexor stretch 2,3 

NHU024SL Supine neck lateral flexor stretch l 

NHLR014SR Neck flexor, lateral flexor awl rotator stretch 1 

NHLR015SL Neck extensor, lateral flexor and rotator stretch 1 

NHLR018SL Assisted neck flexor, lateral flexor and rotator stretch 2^ 

NHLRO20SL Assisted neck extensor, lateral flexor and rotator 2,3 
stretch 

NHLR021SL Neck lateral flexor stretch 2^ 
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Deiiatoots Action 



Exemsa 



Lads 



NHXL005SL 


Assisted neck flexor and lateral flexor stretch 


2,3 


NHXLRO03SL 


Neck flexor, rotator and lateral flexor stretch 


1 


NHXLRO07SL 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


fmxiKooasL 


Assisted neck flexor, lateral flexor and rotator stretch 


2^3 


of tlie head to 






NHFLR019SR 


Assisted neck extensor, lateral flexor and rotator 


2,3 




stretch 




NHL01 1SR 


Neck lateral flexor stretch 


* 


NHL017SR 


Assisted neck lateral flexor stretch 


2,3 


NHL024SR 


Supine neck lateral flexor stretch 


1 


NHLR014SL 


Neck flexor, lateral flexor and rotator stretch 


1 


NHLR015SR 


Neck extensor, lateral flexor and rotator stretch 


1 


MHLROlflSR 
nnu\wiwi9(\ 


At<J<JpH rwSf flavor lateral flpvnr and rotator chnrtch 


23 


NHLR020SR 


Assisted neck extensor, lateral flexor and rotator 


2,3 




stretch 




NHXL005SR 


Assisted neck flexor and lateral flexor stretch 


2,3 


NHXLRO03SR 


Neck flexor, rotator and lateral flexor stretch 


1 


NHXLRO07SR 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


NHXLRO08SR 


Assisted neck flexor, lateral flexor and rotator stretch 


2,3 


NHLF010CR 


Cervical strengthening 


• 1,2 


NHLFOl ICR 




1 


NHLF012CR 


Cervical strengthening with elastic resistance 


2,3 


of the trunk to 






TRFL015CL 


Isometric abdominal contraction with leg extension 


1 


TRLF001CL 


Lateral flexion wfth a dumbbell 


2,3 


TRLRX)2CL 


Lateral flexion with a dumbbell 




TRLF003CL 


Lateral flexion with a bar 




TRLP004CL 


Lateral flexion with a bar 


1 



DIS010 



the 
left 

NHLF_L.S 



NHLFJi.C 



DIS011 



Lateral 
translation 
the left 
TRLF_L.C 
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Devotions Actions Exercises • " " TeST 

TRLFOOSa Lateral flexion with elastic resistance ♦ " 

TRUTO8CL Lateral flexion on an Incline bench with arms across 1,2 

the chest 

TO-F0O9CL Inclined lateral flexion with crossed arms, hotting a 3 

weight 
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Deviations Action 



Exercises 



Levds 



TRLFJR.S 



TRTEJR.S 



TRLF0O1SR Standing lateral trunk flexor stretch 



TREXD04SB Standing torso flexion with arms reaching down * 

TREX0095B Supine back extensor stretch propped up on your l 
elbows 



DIS012 



Lateral translation of the 
trunk to 

the right 

TRLF_L.S 



TRLF_R.C 



TRTE_L.S 



DIS013 Anterior 
deviation 



TRLF001SL standing lateral trunk flexor stretch 



TRHJ015CR isometric abdominal contraction with leg 1 



TKLRXBCR 
TRLP004CR 
TRLF005CR 
TRLFO08CR 



TRlfO09CR 



TREXD01SB 

TREXD04SB 
TREXD09SB 



TRLFO01 CR Lateral flexion with a dumbbell 
TRLF0O2CR Lateral flexion with a dumbbell 
Lateral flexion with a bar 
Lateral flexion with a bar 
Lateral flexion with elastic resistance 
Lateral flexion on an Iodine bench 



2,3 

2,3' 

2,3 



with arms 1,2 



the chest 

Inclined lateral flexion with crossed arms, holding 3 
a 



Cat stretch * 

Standing torso flexion with amis reaching down * 

Supine back extensor stretch propped up on your 1 
elbows 
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Deflations Actions 
HIEX.S 



Exercises 



Levis 



H1FL^L.S 



MFL_R.S 



HIEX012SB Seated bilateral hamstring stretch 
HIEX013SB Seated bilateral hamstring stretch 

HiaooiSt Standing hip flexor stretch 



2,3 



HIR.OG2SL Standing hip flexor stretch (partial) l 
HIFLO03SL Standing hip flexor stretch with back teg elevated 3 



HIFLO01SR Standing hip flexor stretch 
HIFLO02SR Standing hip flexor stretch (partial) 



2,3 
1 
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Deuatiars Actions Exercises 



Levels 



SCADC 



SHADS 



TRLE.C 



HIFLO03SR Standing hip flexor stretch with bade leg elevated 3 

SCAD001CB Shoulder shrugs with dumbbells held In semi- 3 

supination while tncflned 

SCAD002CB Shoulder shrugs with dumbbells held In pronation * 3 

while Inclined 

SCAD003CB Seated scapular adduction * 

SHAD001 SB Shoulder adductor stretch * 



TREX001CB 

TREX002C8 
TREX007CB 
TREX010CB 

TREXOUCB 



DIS014 



deviation 



HIFLO01SL 

HIFLO02SL 
HiaO03SL 



HIFLJLS 



SCADS 



Kneeling trunk extension 

Prone trunk extension 
Arm and hip extension 



2,3 

2^ 
2,3 



Prone lumbar extension with hands on the lower * 
back 

Prone lumbar extension with hands behind your 2,3 
head 



TREX012CB Seated lumbar extension 



Standing hip flexor stretch . 

Standing hip flexor stretch (partial) l 
Standing hip flexor stretch with back leg elevated 3 



2,3 



MiaooiSR Standing hip flexor stretch 



2,3 



HIR.O02SR Standing hip flexor stretch (partial) 1 

HIFU003 SR Standing hip flexor stretch with back leg elevated 3 

SCAD001SIB Scapula adductor stretch with your hands behind * 
your bade 

SCAD007SB Scapula adductor stretch with your arms crossed 1 
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Deuaticrs Actio* 



Ex&tises 



Levels 



TRFL.C 



TRRjOOICB Abdominal crunch with feet elevated 



TRFLO02CB Abdominal crunch with feet on the ground 
TKFL003CB Abdominal crunch with feet on the ground and 
lumbar support 

TRFLO04CB Abdominal crunch with arms crossed and feet 
elevated 

TRFLO05CB Abdominal crunch with hands behind the head and 2 
feet elevated 



1 
1 

1,2 
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Deuaticrs Actions Exercises 



Lends 



TRLE.S 



TRIES 



DIS015 



Trunk 
flexion 

HIEX.S 



HZFLJL. 
S 



TRRD06CB 


Abdominal crunch wtth hands behind the head and 


2,3 




feet on the floor 




TRFL007CB 


Abdominal crunch wtth hands behind the head and 


2,3 




feet on the floor 




TRFL008CB 


Abdominal crunch with arms overhead and feet 


2,3 




elevated 




TRRO09CB 


Abdominal crunch wtth arms overhead and feet 


2,3 




elevated 




TRR012CB 


Hip raises (lower abdominal crunch) 


3 


TRR.013CB 


Abdominal crunch with arms extended at the elbows, 


2,3 




pointing forward 




TRFL014CB 


Isometric abdominal contraction 


1 


TKEX001S8 


Cat stretch 


* 


TREX002SB 


Supine, knees to chest 


1.2 


7REX003SB 


Standing torso flexfon 


1,2 


TREX004SB 


Standing torso flexion with arms reaching down 


* 


TREX006SB 


Seated trunk flexion 


. 1 


TREX008SB 


Seated full forward stretch 


1,2 


TREX001 SB 


Cat stretch 


* 


TREX004SB 


Standing torso flexion with arms reaching down 




TREX009SB 


Supine back extensor stretch propped up on your 


1 




elbows 




HIEX012SB 


Seated bilateral hamstring stretch 


* 



MIEX013SB Seated trilateral hamstring stretch 

WFLO01SL Standing hip flexor stretch 

HIFU>02SL . Standing hip flexor stretch (partial) 



2,3 
1 
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Deuatwns Actions Exemses 

HIFUO03SL 



Levels 



HIFLJL 
S 



HIFU001SR 

WFLO02SR 
HIHJ003SR 



NHEXS 



Standing hip flexor stretch with bade leg elevated 3" 



Standing hip flexor stretch 

Standing hip flexor stretch (partial) 

Standing hip flexor stretch with back leg elevated 



2,3 

1 
3 



NHF009SB Neck extensor stretch 
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Deactoars Actions 



Exercises 



Lews 



SHAD001SB 


Shoulder adductor stretch 


* 


TKEXD01CB " 


Kneeling trunk extension 


2,3 


TREX002CB 


Prone trunk extension 


2,3 


TREXD07C8 


Arm and htp extension 


2,3 


1KEX010CB 


Prone lumbar extension with hands on the lower back 


« 


TREX011CB 


Prone lumbar extension with hands behind your head " 


2^ 


TREXD12CB 


Seated lumbar extension 


1 


TREXD01 CB 


Kneeling trunk extension 


2,3 


TR£XD02CB 


Prone trunk extension 


2,3 


TREXD07C8 


Arm and htp extension 


2,3 


TREXD10CB 


Prone lumbar extension with hands on the lower back 


* 


TREX011CB 


Prone lumbar extension with hands behind your head 


2^ 


TREX012CB 


Seated lumbar extension 

* 


1 


NHF009SB 


Neck extensor stretch 




NHFR010SL 


Assisted neck extensor, lateral flexor and rotator 


* 




stretch 




NHF009SB 


necK extensor stretch 

i 


* 


NHFRO10SR 


Assisted neck extensor, lateral flexor and rotator 


* 




stretch 




SCAB001CB 


Abdominal crunch with hands behind the head and 


* 




feet on the floor 





SHAD.S 



TRLE.C 



TRTE.C 



DIS016 



Trunk 
extension 

NHEX_L 



NHEX_R 



SCARC 



SCADS 



SUBSTITUTE SHEET (RULE 26) 



WO 02/39897 



PCT/CA01/01649 



-44- 

Deuatiaz Actions Ex erases — — J^jf 



9CAD001SB Scapula adductor stretch with your hands behind 
your back 

SCAD007SB Scapula adductor stretch with your arms crossed 

TRLFJ,. 
S 



TRLFJR. 
S 



TKLF001SL Standing lateral trunk flexor stretch 



TRLFD01 SR Standing lateral trunk flexor stretch 
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Dedadats Actions 



Exercises 



Lends 



TRTES 

TREXOOISB 

7REX004SB 
TREX009SB 

DIS019 Lateral flexion of the trunk to the 
right 

TRLFJ..C 

7RFL01SCL 

TRLF001CL 
TRLF002CL 
TRLF003CL 
TRLF004CL 
TRLF005CL 
TRLF008CL 

TRLF009CL 

TRLF_RS 

TRLF001 SR 

DIS020 Lateral flexion of the trunk to the 
left 

TRLFJLS 

TOF001SL 

7RFU01SCR 

TRLF001CR 
TRLF002CR 
TR1P003CR 
TRLF004CR 
TRLF005CR 
TRLF008CR 



TRLF RC 



Cat stretch 

Standing torso flexion with arms reaching down 
Supine back extensor stretch propped up on your 



Isometric abdominal contraction with leg extension 

Lateral flexion with a dumbbell 

Lateral flexion with a dumbbell 

Lateral flexion with a bar 

Lateral flexion with a bar 

Lateral flexion with elastic resistance 

Lateral flexion on an Indlne bench with arms across 

the chest 

Inclined lateral flexton with crossed arms, holding a 
weight 

Standing lateral trunk flexor stretch 



Standing lateral trunk flexor stretch 

Isometric abdominal contraction with leg extension 

Lateral flexton with a dumbbell 

Lateral flexion with a dumb ben 

Lateral flexion with a bar 

Lateral flexion with a bar 

Lateral flexton with elastic resistance 

Lateral flexton on an Indlne bench with arms across 



2,3 
2,3 
2,3 
1 

1,2 



2,3 
2,3 
2^ 
1 

1,2 
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Detiatiars Actions 



Exercises 



Levels 



thechest ■ : — 

TW.P0O9CR Indlned lateral flexion with crossed arms, holding a 3 
weight 

DIS021 Translation of the Wp to the left 
HIABJ..C 



HIABO01CL 



Side lying hfp abductor contraction 



1 
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Devotions Actions £ xeroses 

"~ " HlABO02a 



Levis 



HIAB_ 
RS 



HIABO03CB 
HIABO04CL 
HIABO05CL 

HIABO06CL 
HIABO07a 

HIABOOSa 
WABOlia 
HIAB012CL 
HIAB013CL 



HIABO01SR 

HIASO05SR 
HIABO06SR 
HIABO07SR 



HIAD_ 

JLS 



HIAD_ 
RC 



Side lying hip abductor contraction i — 

Bilateral hip abductor contraction 2,3 

Unilateral Np ataudton exercise . 1,2 

Supine, anterior, unilateral hip abduction exercise ?,3 
with an elastic 

Sde lytag hip abductor contraction with dumbbells 2,3 

Sde lying hip abductor contraction with elastic 2,3 
resistance 

Side lying hip abductor contraction with added weight * 

Standing unilateral hip abduction exercise 2,3 

Standing, anterior, unilateral hip abduction exercise 2,3 

Standing, posterior, unilateral hip abduction exerdse 2,3 



Side lying hip abductor stretch 1,2,3 

Standing hip abductorstretch 2,3 

Standing hip abductor stretch with lateral flexion 2,3 

Standing hip abductor stretch with lateral flexion * 



HIAO005SL 


Standing hip adductor stretch ' 


* 


HIAD008SL 


Kneeling hip adductor stretch 


3 


HIAD001CR 


Side lying isometric hip adduction 




HIAD002CR 


Supine hip adduction with elastic resistance 


2^ 


HIAD003CR 


Side lying hip adduction 


2,3 


HIAD006CB 


Supine hip adduction with a ball between the knees 


1,2 


HIAO010CB 


Supine, hip adduction wfth a ball between the knees 


1,2 


WAD011CR 


Side lying hip adduction with a ban placed between 


1,2 




your feet 




HIAO012CR 


SUe lying hip adduction with a ban between the 


1,2 




knees and.thlghs 
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Deuattars Actions E xeroses 



Levels 



DlS022 t Translation hip to the right 
of' the 

HIAB_ 
LS 

WABO01SL 

^ HIABO05SL 
HIABO06SL 
HIABO07SL 

HIAB_ 



Side lying hip abductor stretch 

Standing hip abductor stretch 

Standing hip abductor stretch with lateral flexion 

Standing hip abductor stretch wtth lateral flexion 



1,2,3 

2,3 
2,3 
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Detzatxars Actions 



Exercises 



HIABOOICR 


Side lying hip abductor contraction 


1 


HIABO02CR 


Side lying hip abductor contraction 


* 


HIABO03CB 


Bflaterai hip abductor contraction 


23 


HIABO04CR 


Unilateral hip abductor exercise 


U2 


HIABO05CR 


Supine, anterior, unilateral hip abduction exerdse 


2,3 




with an elastic 




nlAoUUoCK 


side lying nip atxluctor contraction with dumbbells 




HIABO07CR 






HIABO08CR 


■ Strip tvtno hln ahrfi ir+nr mntrarHnn wIHi arirtorf u# ataht 


■a 
j 


HI ABO 11 CR 


•juuiuuiy uiiiiOLtaai illy/ auuu^uun cactusc 




HIAB012CR 


CfranfflfVl r» n tp rf n r. unilateral hln ahrfiir+frvi avonrlca 




HIAB013CR 


Standlnn rw^prlnr lmflatpral hln ahstnrHnn oY^rrka 




HIAD001CL 


Side lying Isometric hip adduction • 


1 


HIAD002CL 


Supine hip adduction with elastic resistance 


23 


HIAO003CL 


Side tying hip adduction 


23 


HIAD006CB 


Surrine hln adrii irtinn with a hail hptvipan Hip Icnaac 


1 2 


HIAD010CB 


Supine Np adduction wfth a ball between the knees 




HIAD011CL 


Sde lying hip adduction with a ball placed between 


1,2 




your feet 




HIAD012CL 


Side tying hip adduction with a ban between the 


1,2 




knees and thighs 




HIADOOSSR 


Standing hip adductor stretch 


* 


HIAD008Sft 


KneeOng hip adductor stretch 


3 


in of the hip 






HIEXOOICB 


Supine peMc tilt 


* 


HIFLOOISL 


Standing hip flexor stretch 


2^ 


HIFL002SL 


Standing hip flexor stretch (partial) 


1 



HIAD L.C 



HMD KS 



MEX.C 



HWL L.S 
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Deuations Actions Exercises 



Levis 



HIRO03SL Standing hip flexor stretch with back leg elevated 



HIFL JLS 



WFLO01SR 

HIFLO02SR 
HIFL003SR 



Standing htp flexor stretch 2,3 

Standing hip flexor stretch (partial) l 
Standing hip flexor stretch with back leg elevated 3 
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Deuadav A 



Exerdsa 



Levels 



DIS024 Posterior translation of the hip 

HIEXJLS 

HEX001SL 

HEX002SL 
HIEXDC3SL 
HIEX004SL 
HIEXD07SL 
WEXD08SL 
HEX011SL 
HEX012SB 
HIEX013S8 
HIEX014SL 



HIEX RS 



HIFL L.C 



HEXD02SR 
HIEX0G3SR 
WEX004SR 
HIEXD07SR 
HIEXDOSSR 
HIEX01 1SR 
WEX012SB 
HIEXD13SB 
HIEX0145R 

HIFL001CB 

WFLO02C8 
TRFLO10CL 



Standing hamstring stretch . 

Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Seated hamstring stretch 
Seated bilateral hamstring stretch 
Seated bilateral hamstring stretch 
Standing hamstring stretch 



HIEX0O1SR Standing hamstring stretch 



?' 3 
l 

1 

1 

^3 

2,3 
* 

3 

2,3 



Supine hamstring stretch 2,3 

Supine hamstring stretch 1 

Supine hamstring stretch 1 

Supine hamstring stretch 1 

Supine hamstring stretch 2,3 

Seated hamstring stretch 2,3 

Seated bilateral hamstring stretch * 

. Seated bilateral hamstring stretch 3 

Standing hamstring stretch 2,3 

Squat * 

Unilateral squat * 

Abdominal crunch with unilateral hip 2,3 
flexion 

TRROUCL Abdominal crunch wtth arms overhead 2,3 



TRR012CB 



hip flexion 

Hip raises (lower abdominal crunch) 



HIFL &C 
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Deviations Actions Exercises 



Lezds 



HIR00KB Squat " : ~ 

HIFLO02CB Unilateral squat * 

TRR010CR Abdominal crunch with unilateral hip 2,3 
flexion 

TRROl ICR Abdominal crunch with arms overhead 2,3 
and feet 

elevated 
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Deuatfors Actions 



Exadses 



Levels 



7RR.012CB 



Hip raises (lower abdominal crunch) 



DIS02S Anterior peMctllt 
HIEX.C 

HZEALL.S 



HIEXL_R.S 



HIFhJ^S 



HIEX001CB 

HIEX0015L 

HIEXO02SL 
HIEX003SL 
HIEX004SL 
HIEX007SL 
HIEX008SL 
HIEX01 1SL 
HIEX012SB 
HIEX013SB 
HIEX014SL 

HIEX001SR 

HIEX002SR 

HIEX003SR 

HIEX004SR 

WEX007SR. 

HIEXOOaSR 

HIEX01 1SR 

HIEX012SB 

HIEX013SB 

HIEX014SR 

HIFLO01SL 

HIFLO02SL 
HIR.O03SL 



Supine peh/tc tilt 

Standing hamstring stretch 

Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Seated hamstring stretch 
Seated bilateral hamstring stretch 
Seated bilateral hamstring stretch 
Standing hamstring stretch 

Standing hamstring stretch 

Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Supine hamstring stretch 
Seated hamstring stretch 
Seated bilateral hamstring stretch 
Seated bilateral hamstring stretch 
Standing hamstring stretch 

Standing hip flexor stretch 
Standing hip flexor stretch (partial) 



2,3 
l 
1 
1 

2,3 
2,3 
* 

3 

2,3 



*3 
1 
1 
1 

2,3 

2^3 
« 

3 

2A 

23 
1 



Standing hip flexor stretch with back leg 3 
elevated 
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MFI^R.S 

HIFLOOISR Standing hip flexor stretch 2,3 

HIFL002SR Standing hip flexor stretch (partial) i 

HIFL003SR Standing hip flexor sketch with back teg 3 
elevated 

TRFL.C 
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Deuaticns Actions 



Exercises 



Levis 



TRFLD01CB 



Abdominal crunch with feet elevated 



TRLES 



TRi=LO023 
TRFL003C6 

TRRO04CB 

TRFU005CB 

TRR.O06CB 

7RR.007CB 

TRFLO08CB 

TRFU009CB 

TRH.012CB 
TRRJ013CB 

TRFU014CB 

TREXO01SB 

TREX002S8 
TREX003SB 
TREX004SB 
TREX006SB 
TREX008SB 



DIS026 



Posterior peMc 
Hit 

HBZX LS 



HIEX001SL 

WEX002SL 
HIEX003SL 



Abdominal crunch with feet on the ground 
Abdominal crunch with feet on the ground and 
lumbar support 

Abdominal crunch with arms crossed and* feet 
elevated 

Abdominal crunch with hands behind the head and 
feet elevated 

Abdominal crunch with hands behind the head and 
feet on the floor 

Abdominal crunch with hands behind the head and 
feet on the floor 

Abdominal crunch with arms overhead and feet 
elevated 

Abdominal crunch with arms overhead and feet 
elevated 

Hip raises (lower abdominal crunch) 

Abdominal crunch with arms extended at the elbows, 

pointing forward 

Isometric abdominal contraction 

Cat stretch 

Supine, knees to chest 
Standing torso flexion 

Standing torso flexion with arms reaching down 
Seated trunk flexion 
Seated fun forward stretch 



Standing hamstring stretch 

Supine hamstring stretch 
Supine hamstring stretch 



1 
l 

1,2 



2,3 



2,3. 
3 

2,3 



1,2 
* 

1 

1,2 



2^3 
1 
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HIEX004SL Supine hamstring stretch 

KIEX0075L Supine hamstring stretch 

HIEX008SL Supine hamstring stretch 

HIEX01 1SL . Seated hamstring stretch 

HIEX012SB Seated bilateral hamstring stretch 

HIEX013SB Seated bilateral hamstring stretch 

HIEX014SL Standing hamstring stretch 



1 
1 

2 <? 
2,3 

3 

2,3 



HEX RS 
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Deuatiaz 



Actions 



Exercises 



Levis 



HLFL L.C 



HVFL R.C 



TRFLS 



TRLE.C 



HIEX001SR Standing hamstring stretch * 

HIEXD02SR Supine hamstring stretch 2,3 

HIEXD03SR Supine hamstring stretch 1 

HIEXD04SR Supine hamstring stretch 1 

HIEXD07SR Supine hamstring stretch 1 

HIEX008SR Supine hamstring stretch 2,3 

HIEX01 1SR Seated hamstring stretch 2,3 

WEX012SB . Seated bilateral hamstring stretch * 

HIEXD13S8 Seated bflateral hamstring stretch 3 

HIEX014SR Standing hamstring stretch 2,3 

WRJD01CB Squat * 

HIFL002CB Unilateral squat * 

TRFL010CL Abdominal crunch with unilateral hip flexion 2,3 

TRFL011CL Abdominal crunch with arms overhead and unilateral 2,3 
hip flexion 

TRHJ012CB Hip raises (tower abdominal crunch) 3 

HIFL001CB Squat * 

HIFLO02CB Unilateral squat * 

TRFL010CR Abdominal crunch with unliateral hip flexion 23 

TRR011CR Abdominal crunch with arms overhead and feet 23 
elevated 

TRFL012CB Hip raises (tower abdominal crunch) 3 

TRFL001SB CObra * 

TREX001CB Kneeling trunk extension 23 

TREX002CB Prone trunk extension 2,3 

TREX007CB Arm and hip extension 2,3 

TREXD10CB Prone lumbar extension with hands on the lower back * 

TREXD11CB Prone lumbar extension with hands behind your head 23 



SUBSTITUTE SHEET (RULE 26) 



WO 02/39897 



Page 59 of 12 



WO 02/39897 - PCT/C AO 1/01649 

-58- 



Deriatkrs Actions Exavses 



TKBC012CB Seated lumbar extension 
DIS029 Lateral elevation of the hip to the 

left 

TRFLS 

TRFL001 Cobra 
SIB 
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Deuatiom Actions 



Exercises 



Levis 



TRLE.C 



TREX001CB 

TREX002CB 
TREX007CB 
TREX010CB 

TREX011CB 

TREX012CB 



TRLF L.S 



TRLF RC 



TRTE.C 



TRFL015CR 

TRLF001CR 
TRLF002CR 
TRLF003CR 
TRLF004CR 
TRLP005CR 
TRLF008CR 

TRLF009CR 



TREX001CB 

TREX002CB 
TREX007CB 
TRDC010CB 

TREX011CB 



Kneeling trunk extension 

Prone trunk extension 
Arm and hip extension 



2,3 

2,3 
2,3 



Prone lumbar extension with hands on the lower * 
back 

Prone lumbar extension with hands behind your 2,3 
head 

Seated lumbar extension l 



TRLF001 SL Standing lateral trunk flexor stretch 



Isometric abdominal contraction with leg extension 

Lateral flexion with a dumbbell 

Lateral flexion with a dumbbell 

Lateral flexion with a bar 

Lateral flexion with a bar 

Lateral flexion with elastic resistance 

Lateral flexion on an tndlne bench with arms across 

the chest 

Inclined lateral flexion with crossed arms, holding a 
weight . 

Kneeling trunk extension 

Prone trunk extension 
Arm and hip extension 



2,3 

2,3 

2,3 

1 

* 

1,2 



2,3 

2,3 
2,3 



DIS030 



TREX012CB 
Lateral elevation of the hip to 



Prone lumbar extension with hands on the lower * 
back 

Prone lumbar extension with hands behind your 2,3 
head 

Seated lumbar extension 1 
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Deuatians Actions Exercises 



Lezds 



the 
right 

TRFL.C 



TRFUOO Abdominal crunch with feet elevated 
KB 

TRHJOO Abdominal crunch with feet on the ground 
2CB 

TRFLOO Abdominal crunch with feet on the ground and 
3CB 

lumbar support 

TRFLOO Abdominal crunch with arms crossed and feet 
4CB 

elevated 



1,2 



TRFLOO Abdominal crunch with hands behind the head and 2 
5CB 

feet elevated 
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Deuadors Actions Exercises " ~ ~ Levis 



TRLF^L. 
C 





ADaonuTidi cruncn witn nan as oenina tne neaa ana 


2,3 




reet on me noor 




1 KrLOCJ/m 


Abdominal cruncn wttn nan as Denina tne head and 


2,3 




feet on the floor 




TRFL008CB 


Abdominal crunch with arms overhead and feet 


2,3 




elevated 




TRFLO09CB 


Abdominal crunch wfth arms overhead and feet 


2,3 




elevated 




TRFLD12CB 


Hip raises (lower abdominal crunch) 


3 


TRFL013CB 


Abdominal crunch wfth arms extended at the elbows, 


2,3 




pointing forward 




TRFL014C8 


Isometric abdominal contraction 


1 


TREX001SB 


Cat stretch 


* 


TREXQ02SB 


Supine, knees to chest 


1,2 


TREX003SB 


Standing torso flexion 


1,2 


TREX004SB 


Standing torso flexion wfth arms reaching down 


* 


TREX006SB 


Seated trunk flexion 


1 


TREX.008SB 


Seated (till forward stretch 

■ 


1,2 


• 

TRFLOlSCL 


Isometric abdominal contraction with leg extension 


1 


TRLF001CL 


Lateral flexion with a dumbbell 


2,3 


TRLF002CL 


Lateral flexion with a dumbbell 


2,3 


7RLF003CL 


Lateral flexion with a bar 


2,3 


TRLF004CL 


Lateral flexkm with a bar 


1 


TRLF005CL 


Lateral flexion with elastic resistance 




TRLF008CL 


Lateral flexion on an Incline bench with arms across 


1,2 




the chest 




TRLF009CL 


Inclined lateral flexion with crossed amis, holding a 


3 



"weight 

TRLFJR. 
S 
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Deviations Actions 



Exerdsa 

TRLP0O1SR 



Levels 



TRTE.S 



TREXD01 SB 

TREX004SB 
7REXD09SB 

DIS031 Ptentar flexion of the right foot 

ANDFJR. 
C 

ANDF001 CB 
ANDF002CR 

ANPF R. 
S 

AN PFOOl SR 

ANPF002SR 
ANPF003SR 
ANPFCKMSB 

DIS032 Dorslftexlon of the right foot 

ANDF R: 
S 

ANOF001SR 



ANPF R. 
C 



ANPF001CR 
ANPF002CB 



Standing lateral trunk flexor stretch 



Cat stretch 



Standing torso flexion with arms reaching down 
Supine back extensor stretch propped up on your 
elbows 



Bilateral toe raises 

Ankle dorstflexlon with elastic resistance 

Supine plantar flexor stretch 

Supine plantar flexor stretch with a towel 
Standing plantar flexor stretch 
Standing bilateral plantar flexor stretch 



2,3 



2 

1/2 
2 



Seated ankle dorsfflexor stretch 



Standing plantar flexor Isometric contraction 3 
Bilateral Isometric plantar flexor contraction with a bail 1 
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Deviations Actions 



Exercises 



Levels 



DIS033 



ANPF004C8 

ANPF005CR 
ANPPD06CR 

Internal rotation of the rtght foot 

ANEV R 
C 



HIER R 
C 



HEX L. 
S 



HIEX R 

c 



ANEVCD01CR 



HIERD01 CR 
* HIERD02CB 

WER003CR 



HIEX001 SL 

HIEX002SL 
HIEX003SL 
HIEX004SL 
HIEX007SL 
HIEX008SL 
HIEXOUSL 
HIEX012SB 
HIEXD13SB 
HIEX014SL 
HIEX015SL 



HIEX001CB 
HIEX003CR 



Standing bilateral plantar flexor strengthening 
Standing plantar flexor strengthening 
Seated plantar flexor strengthening with elastic 
resistance 



Seated ankle everston with elastic resistance 



Side lying hip abductor f external rotator exercise 
Seated bilateral hip abductor/external rotator 



Side lying hip abductor/external rotator 



with a dumbbell 



Standing hamstring stretch 

Supine hamstring stretch 

Supine hamstring stretch 

Supine hamstring stretch 

Supine hamstring stretch 

Supine hamstring stretch 

Seated hamstring stretch 

Seated bilateral hamstring stretch (tegs apart) 

Seated bilateral hamstring stretch (legs together) 

Standing hamstring stretch 

Supine hamstring stretch 



Supine peMc flit 
Supine peMc tilt 



3 

1,2 



2,3 
1 
1 
9 

2,3 
2,3 

3 

2,3 



^3 
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Deviations Actions 



Exercises 
HIEX004CR 



Levels 



MFLLS 



HIEX005CR 



HIEX006CR 



WFL001SL 

WFU002SL 
WFU003SL 



Supine peMctJJtwfth one leg extended at the knee 3 

Kneeling hip extensor exerdse fleg flexed at the 2 
knee) 

Kneeling hip extensor exerdse (teg extended) 2,3 

Standing hip flexor stretch 2,3 

Standing hip flexor stretch (partial) i 

Standing hip flexor stretch with back leg elevated 3 



HIFLR. C 



HIFL001CB 



Squat 
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Deuatiars Actions 



Exercises 



Leak 



DISQ34 



TRFLOIOCR 
ICR 

TRFU012CS 
External rotation of the right foot 

AJUNR C 



Abdominal crunch wfth unilateral hip flexion 

Abdominal crunch with arms overhead and unilateral 
hip flexion 

Hip raises (lower abdominal contraction) 



2,3 
2,3 



HIERRS 



HIE X R. 
S 



HIFLRS 



AMNCO01 CR Seated ankle Inversion wfth elastic resistance 



HIER002SR Supine htp external rotator stretch 

HIERD03SR Supine hip external rotator stretch 

HIER004SR Supine assisted hip external rotator stretch 

hierogssr Supine assisted hip external rotator stretch 

HIER006SR Seated assisted hip external rotator stretch 

HIERD09SR Supine assisted hip external rotator stretch 

HIER012SR Prone hip external rotator stretch 



HIEXD01SR Standing hamstring stretch 

HIEX002SR Supine hamstring stretch 

HEXD03SR Supine hamstring stretch 

WBO04SR Supine hamstring stretch 

HIEXD07SR Supine hamstring stretch 

HIEXD08SR Supine hamstring stretch 

HIEXD11SR Seated hamstring stretch 

HIEXD12SB Seated bilateral hamstring stretch (legs apart) 

HIEX013S6 Seated bilateral hamstring stretch (legs together) 

HIEXD14SR Standing hamstring stretch 

HIEX015SR Supine hamstring stretch 

HIFIUDOISR Standing hip flexor stretch 

WROQ2SR Standing hip flexor stretch (partial) 

HIFLD03SR Standing hip flexor stretch with back leg elevated 



3 
I 

1,2 

3 

1 

2,3 



2,3 
1 
1 
1 

2,3 
2,3 

3 

2,3 
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Devatiars Actions Exercises Levels 

~ HIJRK C : ' — 

H11RO01CR . Side lying Isometric hip adduction and Internal rotation 

HITR002CB Supine knee-to-knee adduction and Internal rotation 

WTR003C8 Supine hip adduction and Internal rotation with a ball TRFLDI 
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Devotions Actio* ' Exercises — : LmdT 
DIS037 Genu valgum r " ~ 



right 

HMBJLS 



HIADRC 



HIAB001 SR Side lying hip abductor stretch 1,2,3 
HIABO05SR Standing hip abductor stretch 2,3 

HIABO06SR Standing hip abductor stretch with lateral 2,3 
flexion . 

HIABO07SR Standing hip abductor stretch with lateral 
flexion 



HIAD001 Side lying Isometric hip adduction 
CR 

HIAD002CR Supine hip adduction wlth.elastic resistance 2,3 

HIAD003CR Side lying hip adduction with elastic resistance 2,3 

HIAD006CB Supine hip adduction with a ball between the 1,2 



HIAD010CB Supine hip adduction with a ball between the 1,2 
knees 

HIAD011CR Side lying Wp adduction with a ball placed 1,2 
between 

your ankles 

HIAD012OR Side lying Wp adduction with a ball between 1,2 
the 

knees and thighs 



DIS038 Genu valgum 
left 



HIABL.S 

HIAB001SL Side lying hip abductor stretch 1,2,3 

HIABO05SL Standing hip abductor stretch 2^ 

HIABO06SL Standing hip abductor stretch with lateral 2^ 
flexion 

HIABO07SL Standing hip abductor stretch with lateral" 1 
flexion ' 
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Devotions Actions 

HMD L. C 



Exercises 



Lexds 



Genu varum 
right 

H1ABR. C 



HIADOOICL 


Side Mna Isometric hiD adduction 


X 


HIAD002CL 


Supine hip adduction with elastic resistance 


2,3 


HIAD003CL 


Side lying hip adduction with elastic resistance 


2,3 


HIAD005CB 


Supine hip adduction with a ball between the 


1.2 




knees 




HIAD010CB 


Supine hip adduction with a bail between the 


1,2 




knees 




HIADOUa 


Side lying hip adduction with a ball placed 


1,2 




between 






your ankles 




WAD012a 


Side lying hip adduction with a ball between 


1,2 




the 






knees and thighs 




HIAB001 


Side lying hip abductor contraction 


1 



CR 



HIABO02CR Side lying hip abductor contraction 
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Deviations Actions Exercises 



Level 



DIS040 



WAD 



Genu 
varum left 

HIAB 
L.C 



HIABO03CB 
HIABO04CR 
HIABO05CR 
HIABO06CR 
HIABO07CR 

HIABO08CR 
HIABOliCR 

HIAB012CR 

HIAB013CR 



HIAD005SR 
HIAD008SR 



HIA8001CL 

HIABO02a 
HIABO03CB 
HIABO04CL 
HIABO05CL 
HIABO06a 
HIABO07a 

HIAB008OL 
HIABOllCL 



Seated bilateral hip abduction with elastic resistance 

Side lying hip abduction exercise 

Supine hip abduction exerdse with elastic resistance 

Side lying hip abductor exercise with dumbbells 

Side lying hip abductor contraction with elastic 

resistance 

Side lying hip abductor contraction with added weight 
Standing hip abduction exerdse witii elastic 
resistance 

Standing hip abduction exerdse with elastic 
resistance 

Standing hip abduction exerdse with elastic 
resistance 



Standing hip adductor stretch 
Kneeling hip adductor stretch 



Side lying hip abductor contraction 

Side lying hip abductor contraction 

Seated bilateral hip abduction with elastic resistance 

Side lying hip abduction exerdse 

Supine hip abduction exercise with elastic resistance 

Side lying hip abductor exercise with dumbbells 

Side lying hip abductor contraction with elastic 

resistance 

Side lying hip abductor contraction with added weight 
Standing tip abduction exercise with elastic 



2.3 
1,2 
2,3 
2.3 
2,3 

3 

2,3 
2.3 
23 



1 
1 

23 

w 

2,3 
23 
23 



23 
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Deviations Actions Exercises 



Level 



DIS041 



WAB012CL 
HIAB013CL 

JFHAD 
L.S 

HIAD005SL 
HIAD008SL 

Anterior deviation of the 

shoulders 

SCARC 



resistance ~~ 
Standing hip abduction exerdse with elastic 
resistance 

Standing hip abduction exerdse with elastic 
resistance 



Standing hip adductor stretch 
Kneeling hip adductor stretch 



2,3 



2,3 
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Deuadav Actions E xeroses 



Leuds 



DIS042 



SHFL.S 



SHIR. S 



shoulders 
SCAB. C 



SCAD.S 



SHFL.C 



SHULC 



SCAD001CB 


Shoulder shrugs with dumbbells held In seml- 


3 




suplnattan on an Indlne 




SCAD002CB 


Shoulder shrugs with dumbbells held In pronation on 


3 




. an Indlne bench 




SCAD003CS 


Seated scapula adductor exercise 


• 


SHFLO05SB 


Assisted shoulder flexor stretch 




SHIR006SR 


Bent-over shoulder stretch 




i of the 






SCAB001CB 


Abdominal crunch with hands behind your head and 






feet on the floor 




SCAD001SB 


Scapula adductor stretch with both hands behind 






your back 




SCAD007SB 


Scapula adductor stretch with your arms crossed 


1 


SHFL001CB 


Standing bilateral shoulder flexor exerdse with a ball 




CUD /"VTv">/"Tl 

SHFLOQ2CB 


Standing bilateral shoulder flexor exercise with a ball 


1,2 


SHR.O03CB 


Shoulder flexor exercise with elastic resistance 


lf2 


SHFL005CB 


Forward shoulder flexion with 3 elastics 


2,3 


SHFL006CB 


Standing shoulder forward flexion with dumbbells 


3 


SHFL007CB 


Standing shoulder forward flexion and rotation with 


3 




dumbbells 




SHABO03CB 


Bilateral shoulder abduction with dumbbells (palms 


3 




backward) 




SHIR002CB 


Prone shoulder Internal rotator exerdse with bar and 


> 




elastics 





DIS043 external rotation of the left foot 
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Deiiatiors A dons 



Exercises 



Levis 



ANINL. C 



MERL.S 



AMNC001 Seated ankle Inversion with elastic resistance 
CL 



HIER0O2SL Supine hip external rotator stretch 

HIER003SL Supine hip external rotator stretch 

HIER004SL Supine assisted hip external rotator stretch 

HIER005SL Supine assisted hip external rotator stretch 



1 
3 
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Levis 



Deudtions 



Actions 



Exercises 



HIEXL. S 



HIER006SL 

HIER009SL 
HIER012SL 

HIEX001SL 

KIEX002SL 
HIEX003SL 
HIEX004SL 
HIEX007SL 
WEX008SL 
HIEX011SL 
H1EX012SB 
HIEX013SB 
HIEX014SL 
HIEX015SL 

HIR.O01SL 

HIFLO02SL 
HIFLO03SL 

HIIR00*CL 

HI1R002C8 
HIIR003CB 



Internal rotation of the left root 
ANEVL. C 

ANEVO001 
CL 



HIFLL. S 



HURL. C 



Seated assisted hip external rotator stretch 1 

Supine assisted hip external rotator stretch 2,3 
Prone hip external rotator stretch 



Standing hamstring stretch 

Supine hamstring stretch 2,3 

Supine hamstring stretch 1 

Supine hamstring stretch ' 1 

Supine hamstring stretch 1 

Supine hamstring stretch 2,3 

Seated hamstring stretch 2,3 
Seated bilateral hamstring stretch (legs apart) 

Seated bilateral hamstring stretch (legs together) 3 

Standing hamstring stretch 2,3 
-Supine hamstring stretch 

Standing hip flexor stretch 2,3 

Standing hip flexor stretch (partial) 1 

Standing hip flexor stretch with back teg elevated 3 



Side lying Isometric hip adduction and Internal 
rotation 

Supine knee-to-knee adduction and Internal rotation 

Supine hip adduction and Internal rotation with a " 
bail 



Seated ankle eversfon with elastic resistance 



HIERL. C 



HIER001 
CL 

HIER002C 
B i 



Side lying hip abductor / external rotator exercise 



Seated bilateral hip abductor/external rotator 
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Deiiatians Actions Exercises • " Z^Sr 



MEXL. C 



HI Side lying hip abductor/external rotator contractions 

BW03CL 

with a dumbbeD 



HIEXD01C Supine peJvtc tilt 
B 

WEXD03C Supine peMc tilt 2,3 
L 

HIEXD04C Supine peMctflt with one teg extended at the knee 3 
L 
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Deriatiors Actions 



Exerztses 



Leids 



MEX&S 



HIFLL.C 



MFL R.S 



HIEX005CL Kneeling hip extensor exerdse (leg flexed at the knee) 

HIEX006CL Kneeling hip extensor exerdse (leg extended) 

KIEX0O1SR Standing hamstring stretch 

HIEX002SR Supine hamstring stretch 

HIEX003SR Supine hamstring stretch 

HIEX004SR Supine hamstring stretch 

WEX007SR Supfoe hamstring stretch 

HIEX008SR Supine hamstring stretch 

HIEX011SR Seated hamstring stretch 

HIEX012SB Seated bOateral hamstring stretch (legs apart) 

WEX013SB Seated bilateral hamstring stretch (legs together) 

HIEXD14SR Standing hamstring stretch 

HIEX015SR Supine hamstring stretch 

HIFL0O1CB Squat 

TRFUO10CL Abdominal crunch with unilateral hip flexion 

TRRjOI l CL Abdominal crunch with arms overhead and unilateral 
hip flexion 

TKR012CB Hip raises (lower abdominal contraction) 

HIFL0O1SR . Standing hip flexor stretch 

HIFUO02SR Standing hip flexor stretch (partial) 

HIFLO03SR Standing tip flexor stretch with back teg elevated 



2,3 



2^ 
1 
1 
1 

2r3 
2,3 

3 

2,3 



2,3 
2,3 



2,3 

1 
3 
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Body part 


Action code 


Description 




ANDL 


Ankle dorsiflexion 


Ankle (AN) 


ANPF 


Ankle plantar flexion 




ANIN 


Ankle inversion 




ANEV 


Ankle eversion 




ELFL 


Elbow flexion 


EIbow(EL) 


ELEX 


Elbow extension 




ELSU 


Elbow supination (of forearm) 




ELPR 


Elbow pronation (of forearm) 




HIFL 


Hip flexion 


Hip (HQ 


HIEX 


Hip extension 




HIAD 


Hip adduction 




HLAB 


Hip abduction 




KNEX 


Knee extension 


Knee(KN) 


KNFL 


Knee flexion 




KNIR 


Knee internal rotation 




KNER 


Knee external rotation 


• 


NHFL 


Neck Head flexion 




NHEX 


Neck Head extension 


Neck Head (NH) 


NHFL 


Neck Head lateral flexion 




NHIR 


Neck Head ipsi-rotation 




NHCR 


Neck Head contra-rotation 


Scapula (SC) 


SCEL 


Scapula elevation 




SCDE 


Scapula depression 




SCAB 


Scapula abduction 




SCAD 


Scapula adduction 



SUBSTITUTE SHEET (RULE 26) 



WO 02/39897 



Page 78 of 12 



WO 02/39897 PCT/CAO 1/0 1649 

- 77 - 



Body part 


nbUUll lUUc 


jj&scripuon 




SCER 


acapuia external rotation 




SdR 


ocapuia internal rotation 




SCAN 


o cupula anterior inclination 




OXXrvD 


Shoulder abduction ! 




SHAD 


onouiaer adduction 


Shoulder (SH) 




Shoulder external rotation 






Shoulder flexion 




oJtliK 


Shoulder internal rotation 




oxlrlA 


Shoulder extension 




TRFL 


Trunk flexion 




IKXJr 


Trunk lateral flexion 


Trunk (TR) 


TRLE 


Trunk lumbar extension 




TK.TK 


Trunk thoracic extension • 




TRf" *P 

J. XVV^IJ, 


Trunk cervical extension 




TRRO 


Trunk rotation 




WRFL 


Wrist flexion 


Wrist (WR) 


WRBX 


Wrist extension 




WRAB 


Wrist abduction 




WRAD . 


Wrist adduction 



In a preferred embodiment of the present invention, the system generates 
5 a complete list of deviations for the client, in order of corrective priority. Priority is 
given to those deviations of body segments that are most perturbing to overall 
postural stability. Severity is also included in the decision making process, and only 
parameters exceeding critical values from correct vertical or horizontal alignment (of 
distance or angle) are considered deviations. These critical values were based on 
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consultations with clinicians treating postural disorders and form a preliminary 
identification of severity. One of the advantages of the current system is that we will 
have access to large numbers of normative data from which severity rankings can be 
revised, as necessary. The first three ranked deviations in order of priority are 
5 automatically included in the design of the client's exercise and stretching program. 
The nmiaining deviations may be manually selected by the. health-care professional 
based on his or her clinical experience and familiarity with the patient 

• Table 4 shows the priority factors given to postural deviations. 
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As stated previously, each deviation is linked to corrective actions and these 
actions, in turn, are linked to appropriate exercises and stretching routines to treat the 
deviation. The corrective actions are linked to their deviations by a code that specifies < 
the type of action and exercise required to correct the identified deviation. Every 
5 exercise is associated with a level of difficulty from one to three. When beginning a 
biomechanical assessment, the health-care professional indicates his client's activity 
level fiom one to three (level 1 = inactive, level 2 = moderately active, level 3 =» highly 
active and * = all levels of activity). Only those exercises matching the client's activity 
level are selected to treat any particular deviation. 

10 A client's exercise schedule is divided into three sessions: the first is of two 

weeks in duration and the last two are of four weeks duration. When an action group 
contains numerous exercises, the system always selects only the first three exercises 
and inserts one into each session. When there is only one exercise applicable, it is 
included in all three sessions. If there are two exercises applicable, the first is slotted 

15 into session 1, and the second one into sessions 2 and 3. There is a maximum -of 
twelve exercises applicable per session. When the system calculates more than twelve 
exercises applicable per session, the user is requested to delete a deviation. This self- 
regulating process ensures that the entire 10 —week exercise program does not include 
more than thirty-six exercises, and that not more than 12 are prescribed in one week in 

20 order to respect a maximum time budget allowed 

In one other embodiment of the present invention, an artificial neural 
network is trained to select exercises based on biomechanical segments points 
coordinates without passing through all previously shown calculations. 

The patient's personal information, images, biomechanical assessment, 
25 postural deviations, corrective actions and associated exercises and stretches are 

presented in the Biomechanical Assessment Report that is printed by the practitioner. 

A page fiom a sample Biomechanical Assessment Report is presented in Figure 13. 

Presented are personal information on the patient (1), lateral view image of the patient 

with markers (2), and biomechanical parameters. Presented in Figure 14 is a page from 
30 the same sample Biomechanical Assessment Report that includes specification of the 

patient's postural deviations and the associated exercises and stretching. Presented in 
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Fig. 15 is a page fiom the Postural Analysis Report that displays the exercise schedule 
generated in the Biomechanical Assessment process. This figure details the 
personalized exercise routines for the 10-week treatment period. Finally, presented in 
Fig. 16 is another page from the Biomechanical Assessment Report illustrating and 
5 describing a few of the exercises of the exercise schedule. All of the above information 
is generated automatically (and modifiable manually) by the system. 

In a preferred embodiment of the present invention, after the patient has 
completed the exercise routines, he or she can return for a follow-up evaluation. 
Feedback is given by the health-care practitioner and new images of the patient are 

10 taken in order to reevaluate deviations and priorities. A comparative Biomechanical 
Assessment Report is generated comparing two assessments. The goal is to assess the 
effects of treatment and modify the exercise regime, if necessary. A quantified analysis 
of improvement is therefore provided and both the patient and health-care practitioner 
can visualize progress towards ideal postural alignment. In another embodiment of the 

15 present invention, feedback is provided' directly by the patient through the web site, 
such information being used as a complement in the postural evaluation and in further 
exercise selection. 

Importantly, all biomechanical data linked to personal information 
parameters such as height, weight, and age are stored centrally. In one embodiment of 

20 the invention, correlation is executed between the personal information parameters, the 
exercises selected in the Biomechanical Assessment and between the improvement of 
the patient's condition. This correlation allows the determination of the exercises which 
are more efficient for the different elements associated with the patient such as the 
deviation severity, the age, the gender or the activity level. Parameters used in 

25 deviation-exercises correlation are adjusted based on the effectiveness of the exercise 
program to correct deviations and the exercise program is repeatedly varied until the 
effectiveness of the exercises is optimized. An important advantage of having 
calculations performed centrally rather than on locally arranged software, is that 
improvements and modifications to the system can be made instantaneously across 
^ 30 users without delays cause by the more standard transmission of software updates. This 
is a highly distinguishing aspect of our Biomechanical Assessment system. An 
additional distinguishing feature is that biomechanical assessments can be performed 
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at remote locations, as the digital image acquisition can be performed virtually 
anywhere. Web-based technology is ideally placed to bring cutting-edge health care to 
potentially disadvantage geographical locations. 

While the invention has been described in con-nection with specific 
5 embodiments thereof, it will be understood that it is capable of further modification and 
this application is intended to cover any variations, uses, or adaptations of the invention 
following, in general, the principles of the invention and including such departures 
from the present disclosure as come within known or customary practice within the art 
to which the invention pertains and as may be applied to the essential features here in 
10 before set forth, and as follows in the scope of the appended claims. 
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CLAIMS 

1 . A method of acquiring biomechanical position data for use in postural analysis, 
the method comprising the steps of: 

a) selecting a plurality of marker positions referenced with respect to an 
anatomy of a patient by one of: 

skin surface features having minimal variability from one patient to the 
next; and 

skeletal features palpable Scorn a skin surface of the patient; 

b) attaching a scanable marker on the patient at each of the marker positions, the 
step of attaching including palpating the patient to define at least some of the 
marker positions; 

c) instructing the patient to stand relaxed and in normal posture; and 

d) scanning the markers attached to the patient to obtain position data for each 
of the marker positions. 

2. The method as claimed in claim 1, wherein the patient is scanned from a front, 
side and rear viewpoint. 

3. The method as claimed in claim 2, wherein the step of scanning comprises 
photographing the patient against a backdrop, the markers comprising contrasting 
visual 

4. The method as claimed in claim 3, wherein the step of photographing comprises 
using a digital camera with a flash to obtain digital images, the markers comprising 
retroreflective markers. 

5. The method as claimed in claim 4, wherein some of the markers are scanned 
from more than one of the viewpoints and comprise retroreflective spheres. 
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6. The method as claimed in claim 3, wherein the step of instructing the patient to 
stand relaxed and in normal posture comprises requesting the patient to walk in place 
prior to standing still. 

7. The method as claimed in claim 4, wherein the step of . scanning comprises 
automatically recognizing the markers and the reference marker points in the digital 
images using a computer. 

8. The method as claimed in claim 7, wherein the computer comprises a user 
interface and, when the computer recognizes too many or too few of the markers, input 
is accepted via the user interface to remove or add, with reference to the digital images, 
the position coordinates of the markers which the computer incorrectly recognized or 
failed to recognize. 

9. A method for calculating postural deviation values in a patient comprising the 
steps of: 

a) obtaining position data identifying a position in space of body segments of 
the patient while standing relaxed and in nbnnal posture, the body segments comprising 
head-shoulders, shoulders- pelvis, pelvis-hips, hips-knees and knees-ankles; 

b) obtaining weight data of the patient; 

c) calculating vertical and horizontal plumb line using the position data; 

d) calculating for at least some of the body segments an angle of deviation value 
and distance of deviation value with respect to the plumb line position value using the 
position data. 

10. The method as claimed in claim 9, wherein the angle and distance of deviation 
values are referenced with respect to average or normal values. 

1 1. The method as claimed in claim 9, further comprising a step of calculating an 
effective weight or stress of at least One of the body segments using an estimated 
weight of the at least one body segment and the deviation values. 
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12. The method as claimed in claim 9, wherein the deviation values are calculated 
for all of the body segments. 

13. A method of selecting exercises for improving tonicity and correcting posture in 
a patient, the method comprising the steps of: 

a) obtaining biomechanical position data of the patient while standing relaxed 
and in normal posture, the position data indicative of postural problems requiring 
correction; 

b) ranking the postural deviations by severity and priority; 

c) correlating the position data with exercises for strengthing or stretching 
specific muscles or muscle groups to obtain ranking data for the exercises; 

d) compiling an exercise program for the patient based on the ranking data. 

14. The method as claimed in claim 13, wherein the step of compiling comprises 
manually selecting exercises from a ranked list of exercises. 

15. The method as claimed in claim 14, wherein the exercises are grouped in sets of 
exercises each attempting to correct a specific postural deviation, the step of correlating 
comprising correlating the position data with the sets of exercises, and the exercise 
program comprising a series of the sets of exercises. 

16. The method as claimed in claim 13, wherein the exercises are grouped in sets of 
exercises each attempting to correct a specific postural deviation, the step of correlating 
comprising correlating the position data with the sets of exercises, and the exercise 
program comprising a series of the sets of exercises. 

17. The method as claimed in claim 13, wherein the position data identifies a 
position in space of body segments of the patient, the body segments comprising head- 
shoulders, shoulders-pelvis, pelvis-hips, hips-knees and knees-ankles, and the step of 
correlating comprises: 

a) calculating a center of mass plumb line position value using the position data 
and the weight data; 
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b) calculating for at least some of the body segments an angle of deviation value 
and distance of deviation value with respect to the plumb line position value using the 
position data; 

c) comparing the deviation values to normal values for the at least some of the 
body segments to obtain deviation priority values; 

d) ranking the deviation priority values according to an order of severity or 
importance; and . 

e) determining the ranking data based on an association of the exercises with 
body segment deviations in accordance with the order of severity or importance. 

18. The method as claimed in claim 17, wherein the step of ranking the deviation 
priority values according to an order of severity or importance comprises manually 
selecting deviations to be corrected by the exercise program, the order of severity or 
importance reflecting those deviations manually selected 

19. The method as claimed in claim 18, wherein the exercises are grouped in sets of 
exercises each attempting to correct a specific postural deviation, and the exercise 
program comprising a series of the sets of exercises. 

20. The method as claimed in claim 19, wherein the exercise program is limited to a 
maximum number of exercises, the step of manually selecting deviations is 
automatically restricted when a maximum number of exercises corresponding to the 
selected deviations exceeds the maximum number for the exercise program. . 

21. The method as claimed in claim 13, wherein the step of compiling comprises 
repeating ones of the exercises corresponding to most severe postural problems 
regularly throughout the exercise program and including ones of the exercises 
corresponding to less severe postural problems for only part of the program. 

22. The method as claimed in claim 21, wherein the step of compiling comprises 
including ones of the exercises corresponding to moderately severd postural problems 
more intensively for only part of the exercise program. 



SUBSTITUTE SHEET (RULE 26) 



WO 02/39897 



Paoe 104 of 12' 



WO 02/39897 PCT/CA01/01649 

- 103- 

23. The method as claimed in claim 17, wherein the step of compiling comprises 
repeating ones of the exercises corresponding to most severe postural problems 
regularly throughout the exercise program and including ones of the exercises 
corresponding to less severe postural problems for only part of the program. 

24. The method as claimed in claim 23, wherein the step of compiling comprises 
including ones of the exercises corresponding to moderately severe postural problems 
more intensively for only part of the exercise program. 

25. The method as claimed in claim 13, further comprising steps of: 

a) obtaining, after completing of the exercise program, new biomechanical 
position data of the patient while standing relaxed and in normal posture; 

b) evaluating an effectiveness of the exercises in the exercise program for 
correcting the postural problems; and 

c) adjusting parameters used in the step of correlating for future patients based 
on the effectiveness evaluated in the previous step. 

26. The method as claimed in claim 25, wherein the exercise program is repeatedly 
varied until the effectiveness of the exercises is optimized. 

27. The method as claimed in claim 26, wherein the steps of correlating, evaluating 
and adjusting are carried out using a centralized shared database of the parameters used 
in the step of correlating for a large number of patients. 

28. The method as claimed in claim 25, wherein the parameters include at least one 
of age, gender and an activity level of the patient 

29. A method of providing posture health care using a distributed system, the 
method comprising the steps of: 
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a) obtaining personal data of a patient, the personal data including weight, 
height, gender and activity data of the patient, and obtaining posture anatomical 
reference position datp. of the patient at a biomechanical measurement station; 

b) processing the personal and position data Using data stored in a remote 
central database to obtain preliminary postural deviation assessment data; 

c) providing the preliminary postural deviation assessment data to one of a 
health-care practitioner and the patient; 

d) obtaining corrected postural deviation assessment data from one of the 
health-care practitioner and the patiept; and 

e) modifying the data stored in the central database using the corrected data. 

30. The method as claimed in claim 29, wherein the preliminary postural deviation 
assessment data comprises a ranked list of deviations and a preliminary selection of the 
deviations to be included in a therapeutic exercise program, and the corrected data ■ 
comprises a corrected selection of the deviations to be included in a therapeutic 
exercise program. 

3 1 . The method as claimed in claim 29, wherein: 

the preliminary postural deviation assessment data comprises a set of 
therapeutic exercises of an exercise program; 

the corrected data comprises new posture anatomical reference position data of 
the patient obtained after completion of the exercise program; and 

step (e) comprises processing the new reference position data to determine an 
effectiveness of the therapeutic exercises in correcting postural deviations and 
modifying accordingly the data stored in the central database. 

32. The method as claimed in claim 29, wherein: 

step (a) comprises validating completeness of the reference position data at the 
biomechanical measurement station and transmitting the personal and position data to a 
central server; 

step (b) is a carried out at the central server; 
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step (c) comprises transmitting the preliminary postural deviation assessment 
data from the central server to one of the health-care practitioner and the patient; 
step (d) comprises transmitting the corrected data to the central server, and 
step (e) is carried out by the central server. 

33. The method as claimed in claim 32, wherein the biomechanical measurement 
station includes a health-care practitioner client station in communication with the 
central server. 

34. The method as claimed in claim 33, wherein the client station uses a web 
browser interface to communicate with the central server, the central server providing a 
secure connection to a biomechanical assessment report web document for the patient. 

35. An apparatus for acquiring biomechanical position data for use in postural 
analysis of a patient, the apparatus comprising: 

a) scanable markers for attaching on said patient at preselected marker positions; and 
b) scanner for obtaining position data for each of the marker position. 

36. The apparatus of claim 35, wherein the markers comprise an adhesive layer for 
sticking to the patient 

/it 

37. The apparatus of claim 35, wherein the markers further comprise retroreflective 
material. 

38. The apparatus of claim 37, wherein said scanner is a digital camera with a flash 
for obtaining digital images. 

39. The apparatus of claim 38, further comprising a computer for automatically 
recognizing the markers and for referencing marker points in digital images. 

40. The apparatus of claim 39, wherein the computer comprises a user interface for 
removing incorrectly recognized markers by the computer or for adding the position 
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coordinates of the markers with reference to the digital images, for the markers which 
the computer foiled to recognize. 

41 . An apparatus for calculating postural deviation values in a patient comprising: 

a) position data acquisition device for identifying a position in space of body 
segments of the patient while standing relaxed and in normal posture, the body 
segments comprising head-shoulders, shoulders-pelvis, pelvis-hips, hips-knees and 
knees-ankles; 

b) weight data acquisition device for obtainer weigjit data of the patient; 

c) vertical and horizontal plumb lines determination device using the position 

data; . 

d) angje of deviation and distance of deviation determination device for 
detennining at least some of the body segments an angle of deviation value and 
distance of deviation value with respect to the plumb line position- value using the 
position data. - 

42. The apparatus of claim 41, wherein said angle of deviation and distance of 
deviation determination device refers said angle and distance of deviation values with 
respect to average or normal values. 

43. The apparatus of claim 41, further comprising an effective weight or stress 
determination device for determining an effective weight or stress of at least one of the 
body segments using an estimated weight of the at least one body segment and the 
deviation values. 

44. The apparatus of claim 41, wherein the determination device calculates 
deviation values for all of the body segments. 

45. An apparatus for selecting exercises for improving tonicity and correcting 
posture in a patient, the apparatus comprising: 
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a) a biomechanical position data acquisiton device for obtaining biomechanical 
position data of the patient while standing relaxed and in normal posture, the position 
data being indicative of postural problems requiring corrections; 

b) ranking means for ranking the postural deviations by severity and priority; 

c) a correlator for correlating the position data with exercises foj strengthening 
or stretching specific muscles or muscle groups to obtain ranking data for the exercises; 
and 

d) a compilor for compiling an exercise program for the patient based on the 
raking data. 

46. The apparatus of claim 45, wherein the exercises are grouped in sets of 
exercises each attempting to correct a specific postural deviation, the correlator 
correlating the position data with the sets of exercises, and the exercise program 
comprises a series of the sets of exercises. 

47. The apparatus of claim 45, wherein the position data identifies a position in 
space of a body segments of the patient, the body segments comprising head-shoulders, 
shoulders-pelvis, pelvis-hips, hips-knees and knees-ankles, and the correlator 
comprising: 

a) a center of mass plumb line position determination device for detennining a 
^ center of mass plumb line position value using the position data and the jveight data; 

b) a angle of deviation and distance of deviation determination device for 
determining for at least some of the body segments an angle of deviation value and 
distance of deviation value with respect to the plumb line position value using the 
position data; 

c) a deviation values comparison means for comparing the deviations values to 
normal values for the at least some of the body segments to obtain deviation priority 
values; 

d) ranking means for ranking the deviation priority values according to an order 
of severity or importance; and 
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e) a ranking data with body segment deviations determination device for 
determining the ranking data based on an association of the exercises with body 
segment deviations in accordance with the order of severity or importance. 

48. The apparatus of claim 47, wherein said ranking means performs ranking of the 
deviation priority values accordingly to an order of severity or importance comprising 
manually selecting deviations to be corrected by the exercise program, the order of 
severity or importance reflecting those deviations manually selected. 

49. The apparatus of claim 48, wherein said compiling means is repeating ones of 
the exercises corresponding to most severe postural problems regularly throughout the 
exercise program and including ones of the exercises corresponding to less severe 
postural problems for only part of the program. 

50. The apparatus of claim 49, wherein said compiling means further include ones 
of the exercises corresponding to moderately severe postural problems more intensively 
for only part of the exercise program. 

51. The apparatus of claim 48, wherein said compiling means repeat ones of the 
exercises corresponding to most severe postural problems regularly throughout the 
exercise program and including ones of the exercises corresponding to less severe 
postural problems for only part of the program. 

52. The apparatus of claim 51, wherein said compiling means further include ones 
of the exercises corresponding to moderately severe postural problems more intensively 
for only part of the exercise program. 

53. The apparatus of claim 45, further comprising: 

- effectiveness of the exercises evaluator for evaluating an effectiveness of the 
exercises in the exercise program for correcting the postural problems based on new 
biomechanical position data of the patient obtained while standing relaxed and in 
normal posture after completion of the exercise program; and 
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~ parameters adjustment means for adjusting parameters used in correlation for 
future patients based on the effectiveness evaluated. 

54. The apparatus of claim 53 further comprising a centralized shared database used 
for correlating, evaluating and adjusting for a large number of patients. 

55. An apparatus for providing posture health care using a„ distributed system 
comprising: 

a) a personal data obtainer for obtaining personal data of a patient, the personal 
data including weight, height, gender and activity data of the patient, and obtaining 
posture anatomical reference position data of the patient at a biomechanical 
measurement station; 

b) a personal and position data processor for processing the personal and 
position data using data stored in a remote central database to obtain preliminary 
postural deviation assessment data; 

c) a preliminary postural deviation provider for providing the preliminary 
postural deviation assessment data to one of a health-care practitioner and the patient; 

d) a corrected postural deviation assessment data obtainer for obtaining 
corrected postural deviation assessment data from one of the health-care practitionner 
and the patient; and ' 

e) a data modifier to modify the data stored in the central database using the 
corrected data 

56. The apparatus of claim 55, wherein: 

said preliminary postural deviation assessment data comprises a set of 
therapeutic exercises of an exercise program; 

said corrected data comprises new posture anatomical reference position data of 
the patient obtained after completion of the exercise program; and 

said data modifier comprises processor for processing the new reference 
position data to determine an effectiveness of the therapeutic exercises in correcting 
postural deviations and modifying accordingly the data stored in the central database. 
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57. The apparatus of claim 55, wherein: 

said personal data acquisition device comprises validation means for validating 
completeness of the reference position data at the biomechanical measurement station 
and transmitting the personal and position data to a central server; 

said personal and position data processor is at the central server; 

said preliminary postural deviation provider comprises transmitting means for 
transmitting the preliminary postural deviation assessment data from the central server 
to one of the health-care practitioner and the patient; 

said corrected postural deviation assessment data acquisition data comprises 
transmitting means for transmitting the corrected data to the central server; and 

said data modifier is at the central server. 

58. The apparatus of claim 57, wherein said client station uses a web browser 
interface to communicate with the central server, the central server providing a secure 
connection to a biomechanical assessment report web document for the patient. 
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Palpate the patient's body in order to find 
the exact position where the markers must 
be placed 



Place markers on the patient's body 



Calibrate the camera 



Take a picture of the front, lateral and 
posterior views 



Confirm maker recognition 



Calculate markers coordinates in space 

FI3- B 
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Acquire Images 
Identify markers 





Obtain markers coordinates in space 






Calculate deviations and biomechanical parameters 




r 




Calculate priorities for exercises 






f 




Select top 3 deviations using priorities 








Review deviations with the assistance of a 
health-care practitionner 




V 




Select exercises for selected deviations and 
suitable for patient's activity level 










Organize exercise schedule 
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c 



I 



Acquire Images 



] 



Calculate deviations and biomechanical parameters 



Evaluate posture deviations 



Feedback from 
health-care 
practitioner 



T 



Send Evaluation to health-care practitioner 



Select exercises suitable for patients 
condition and activity level 



I 



Organize exercise schedule 



i 



Feedback from 
health-care 
practitioner 



I 



Instruct patient with exercise schedule and instructions 

i 



Feedback from health-care practitioner 

and/or patient after the exercise 
program completion and acquisition of 
nev images of the patient, 
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Identification 
User ID : 
Name: 

Birthdate : 
Sex: 

Height : 
Weight: 

Activity Level: 
Evaluator : Jean-Francois Noriandin 



Posterior Head Translation 
Thursday, January 01, 1970 
Male 
67.0 in 
170.0 lbs 
Inactive 



Lateral View 
Deviations from Vertical Alignment 



Head to Shoulders Posterior 8.5 

Shoulders to Pelvis Anterior 3.8 c 

Pelvis to Hips Posterior 13.0 

Hips to Knees Posterior 1,5 ' 

Knees to Feet Anterior 2.9 ' 

Note: The ideal angle should be 0°. 
Distances from the Vertical Axis 



Head 

Shoulders 
Pelvis 
Hips 
Knees 



0.0 in 

Anterior 0.7 in 

Posterior 0.4 in 

Anterior 0.4 in 

Anterior 0.8 in 




Note: The ideal distance should be 0 in. 
Moments of Force and Reaction Forces 




Head 14.3 lbs 0.7 in -1.2 Nmf> 92.8 N 
Head and 113.6 lbs 0.4 in 5.3 Nm o 611.5 N 

TrUnk 
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Postural Deviations and Associated Exercises and Stretching 




Posterior pelvic tilt 1 Hip Extension (left) 

2 Hip Extension (right) 

3 Hip Flexion (left) 

4 Hip Flexion (right) 

5 Trunk flexion 

6 Trunk lumbar extension 



Stretch 
Stretch 
Contract 
Contract 
Stretch 
Contract 



System 
System 
System 
System 
System 
System 



Translation of the head (right) 7 Neck head lateral flexion (left) 



8 



Contract System 
Stretch System 



Extension of the head 9 Neck head extension 

10 Neck head flexion 

11 Scapula Adduction 



Stretch System 
Contract System 
Stretch System 
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Exercise and Stretching Schedule 



Week 1-2 



Hamstring stretch 
Hamstring stretch 
Squat 
Cobra 

Prone lumbar extension with hands on the lower back 
Cervical strengthening 
Left lateral flexion 
Forward neck flexion 
Cervical strengthening 
Scapula adductor stretch with pr hands behind your back 



1 
2 

M 
5 

6 

7 

8 

9 

10 
11 




3X 30 Sec, 
3X 30 Sec, 
3x 10-15 Reps 
3X 30 Sec, 
3x 10-15 Reps 
10X 6 Sec. 
3X 30 Sec. 
3X 30 Sec. 
10X 6 Sec. 
3X 30 Sec. 



Week 3-6 



2 Hamstring stretch 
5 Hamstring stretch 

8 Unilateral squat 

9 Cobra 

11 Seated lumbar extension 
13 Supine cervical strengthening 
15 Supine lateral flexion to the left 
1] Forward neck flexion 
18 Cervical strengthening 
20 Scapula adductor stretch with your arms crossed 



1. 
2 

5 
6 
7 
8 
9 

10 
11 



3X 30 Sec. 
3X 30 Sec. 
3x 10-15 Reps 
3X 30 Sec. 
3x 10-15 
10X 6 Sec. 
3X 30 Sec. 
3X 30 Sec. 
10X 6 Sec. 
3X30 Sec. 



Week 7-10 



3 



Hamstring stretch 
lamstring stretch 
Jnilateral squat 
Cobra 

Seated lumbar extension 
Supine cervical strengthening 
Left lateral flexion with rotation to the right 
Forward neck flexion 
[8 Cervical strengthening 
** Scapula adductor stretch with your anus crossed 



6 
8 
9 

11 
13 
1$ 
1 



20 



1 
2 

5 
6 
7 
8 
9 

10 
11 



3X 30 Sec. 
3X 30 Sec. 
3x 10-15 Reps 
3X 30 Sec. 
3x 10-15 Reps 
10X 6 Sec. 
3X30 Sec, 
3X30 Sec. 
10X 6 Sec. 
3X 31 Sec, 
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Exercises and Stretching / 

1 - Hamstring stretch 
Position 

1, Place the heel of the foot of the working leg on a chair or something of 

equivalent height so that the leg is flexed at the hip and extended at the 
knee. 

2. Gently flex the supporting leg at the hip and knee. Place one hand on the 
supporting leg's thigh and the other hand on the outer part of the working 
leg's thigh. * 

Action 

Flex the supporting leg at the knee until you feel a pulling sensation in the 
working leg. Hold the stretch for the specified time, gradually relax and 
repeat as indicated. 

Specific Objective 

Improve hamstring muscle group flexibility (hip extensors, knee flexors) . 
Contraction type: 
Static stretch 

2 - Hamstring stretch 
Position 

1. Lie on your back with one leg flexed at the hip and knee, foot flat on the 
floor. 

2. Flex the working leg at the hip and knee, and gently pull it in to the 
chest with your hands placed behind the knee. 

Action 

Pull the knee of the working leg in towards the chest, keeping the leg 
flexed at the knee. When you feel a pulling sensation in the back of the 
thigh, hold the stretch for the specified time, gradually relax and repeat as 
indicated. 

Specific Objective 
Improve hamstring muscle group flexibility (hip extensors). 
Contraction type: 

Static stretch . ri3_ IB 
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